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I N T R 0 D U C T I 0 N 
In today's economic clima te where cost restraints are 
ofte n introduced into building projects at the expense of 
quality, the following quotation attributed to J. Ruskin 
may be particularly apt: 
"There is hardly anything in the world that some man can-
not make a little worse and sell a little cheaper, and the 
people who consider price only are this man's lawful prey". 
Any investment which requires large sums of money to be ex-
pended must be carefully appraised and evaluated beforehand 
in order to ensure that it fulfills the objectives of the 
investor. Real property investment is no exception and 
the associate d problems are compounded by trying to strike 
a balance in the relationship between cost and quality. 
Life cycle costing is a method of appraising quality and 
total cost of buildings whereby the economic consequences 
of available alternatives are analysed to arrive at the 
optimum cost solution. This solution requires an invest-
ment which gives the greatest financial return for the 
least capital investment. That does not mean that the 
cheapest product is the best, but it does require that any 
analysis or appraisal must forecast and assess the economic 
consequences over the full life of the particular project. 
2. 
In practice the re are many constraints, such as town 
plann ing regula tions, available finance, etc. which so 
limits the numbe r of alternative solutions that a true 
optimum result cannot be achieved. Notwithstanding the 
above it is still essential to choose the best possible 
solution from the rema ining available possibilities. 
The motivations and objectives underlying each and every 
inves tment will be many and varied but the one character-
istic common to most is "value-for-money". All real 
property investments have a value but measurement of this 
value is not always possible in monetary terms alone. 
Many of the benefits de rived from ownership may be indirect 
or intangible with the resultant difficulty in assessing on 
purely economic grounds. Prestige value and contentment 
are cases in point. Since appraisal methods discussed in 
the following chapters are concerned solely with the 
~conomic aspects it must be clearly understood that they are 
only part of the total evaluation process which aids manage-
ment in making responsible decisions. They are not sub-
stitutes for management 's judgement. The final decision 
and responsibility still rests with the Client who must 
evaluate all aspects such as risks, costs, available finance, 
probabilites, etc. peculiar to his own particular situation 
in order that a total appraisal can be achieved to maximise 
the value of the investment. 
The problems associated with real property investment are 
increased because of the magnitude and complexity of many 
modern buildings and the multiplicity of materials and forms 
of construction available. The high rate of inflation re-
sulting in rapid escalation of building and maintenance 
costs . is compounded by the cost of energy and has increased 
running expenses to unprecedented proportions. This has led 
to a change of investment strategy on the part of many in-
formed investors whc are now demanding a greater degree of 
expertise and sophistication from those involved in the 
economic appraisal of capital projects. 
3. 
The professions associated with the building industry have 
long recognised that cost considerations have become a 
dominant feature of real property investments. In an 
attempt to achieve well formulated economic design solutions, 
within defined cost limits, cost planning and control is now 
fairly extensively used throughout this Country. However, 
maintenance and operating costs, although often recognised, 
are seldom taken into account. This was not particularly 
important in the late sixties and early seventies when 
energy costs, in particular, were relatively inexpensive 
and no energy shortage was envisaged . Rapid re-thinking 
has lately taken place and it is now realised that for cost 
planning and control to be truly effective the total cost 
throughout the life of the building must be considered. 
If one is to arrive at a true reflection of the investment 
potential and total cost of a particular rea l property invest-
ment the appraisal method used must be capable of allowing 
for the following factors which, although by no means com-
plete, incorporates those aspects which are required to give 
a valid and meaningful assessment of the investment . 
1. Comparisons to be made with alternative investment 
opportunities 
2. Limited life of certain components in a building 
which may have to be repaired or replaced 
3. Comparisons to be made with alternative materials 
and/or forms of construction 
4. The total costs and income generated throughout 
the effective life of the building including 
residual value at the expiry of the investment 
5. The effect of the time value of money and the 
impact of inflation 
6. Income tax implications 
4. 
7. Adaptation to the individual characteristics 
of each specific pr·o·'ject 
Life cycle costing which is essentially similar in concept 
to costs-in-use or terotechnology, is a sophisticated method 
of appraisal capable of satisfying the abovementioned needs. 
It could be defined essentially as~ 
A FINANCIAL APPRAISAL TECHNIQUE WHI CH ALLOWS VALID 
COMPARATIVE EVALUATION OF AVAILABLE ALTERNATIVE 
POSSIBILITIES BASED ON TIME-PHASED COSTS OVER A 
SPECIFIC INVESTMENT PERIOD IN ORDER TO ARRIVE AT 
THE OPTIMUM ECONOMIC SOLUTION. 
The purpose of this thesis is to examine the economics of 
buildings with special reference to life cycle costing in 
order to illustrate how valid comparisons of alternative 
construction methods or material selection can be achieved 
-




C H A P T .E R . 1 
THE TECH NIQUE OF LIFE CYCLE COSTING 
THE TECHNIQUE DEFINED 
Life cycle costing is the term applied to the measurement 
of total costs incurred over the full life of a building. 
These costs, resulting from a decision to build, may be 
divided into the following categories: 
1. Capital costs includes all initial costs 
related to the development of the new facility 
and is computed from inception of the project 
until the start of the accounting period. 
2. Running or operating costs embraces those 
costs required to operate the building and in-
cludes such items as energy costs, cleaning 
expenses , etc. 
3. Maintenance costs are periodic costs in-
volving charges incurred in order to maintain 
the building in an acceptable standard of 
repair. Although periodic, these costs will be 
continuing and involve items such as redecor-
ations. 
6. 
4. Repair and replacement costs - includes ex-
penditure on repair and replacement of com-
ponents with limited lives. 
5. Alteration and improvements costs - are costs 
of i mproving or adapting a facility to provide 
for a function not originally anticipated. 
6. Residual or salvage costs demolition or re-
moval may constitute an expense whereas re-sale 
at the end of the investment period will con -
tribute towards income and must be offset against 
expenses . 
Division into the above categories is not absolute but is 
given to identify terminology used in this document. 
Interest, inflation, opportunity costs and income t ax all 
have a bearing on the above and will be dealt with in sub-
sequent chapters. 
Income tax and inflation are two factors that increase the 
complexity and volume of life cycle cost study calculations. 
In order to provide a fairly simple and quick method of 
undertaking life cycle cost studies incorporating both in-
come tax and inflation allowances I have developed a set of 
compound interest tables that accommodates increases in 
future costs arising from inflation and depreciation allow-
ances based on the declining balance method. These tables 
can be found in the Appendix at the end of the thesis. 
When predicting future recurring or replacement costs it 
will be necessary to take into account increases due to:-
1. Inflation 
2. Difference in working conditions and scale of 
operations. Replacement will not necessarily 
be on the same scale as the original operation 
and will in all probability also be executed 
under more trying or difficult conditions. 
7. 
3. The costs of demolishing and removing existing 
work as well as the protection of remaining 
structures and finishes while the work is in 
progress. 
4. Costs of disturbances to and/or by the occupiers 
during building operations. 
Life cycle cost analysis has already been defined as a 
financial appraisal technique allowing comparative eval-
uations of available alternative possibilities. It is 
essential that this is clearly understood since a life cycle 
cost expressed alone is almost meaningless. In essence, a 
life cycle cost provides a frame work for selection of alter-
native possibilities where there is more than one method of 
achieving certain defined objectives. These mutually ex-
clusive possibilities may differ in both initial and running 
costs and this technique allows consideration of all relevant 
costs incurred by converting them to equal terms at common 
points in time. 
Unless there are available alternatives there is no need for 
a decision to be taken and hence, no need for life cycle 
cost analysis. However, unless these alternatives are 
clearly defined 1 incorrect decisions may be made by failure to 
recognise possible substitutes. Even if several alter-
natives are considered, failure to formulate and define the 
objectives may still result in ineffective selections as a 
result of not considering the best solution . A poor alter-
native will obviously appear the best selection if compared 
with alternatives that are even worse. 
Although many basic design decisions are subject to outside 
influences such as town planning regulations and, as such, 
are not candidates for life cycle costing, the majority have 
multiple options each with its own economic consequence. 
For life cycle GOsting to play a meaningful role in the 
invest.ment appraisal process it must be introduced at the 
initial stage of the development, so that economic con-
sequences of design and construction decisions can be 
assessed prior to implementation. 
8. 
Financial assessments of set decisions, while obviously 
i mportant, will not ensure that the best possible decision 
h as been made. 
Having defined the main alternatives which are to be 
analysed, the next step is to establish the life cycle of 
the investment. This life cycle should be set in con-
sultation with the Client in order to ensure tha t it 
corresponds with his functional and/or economic objectives. 
This will also involve the establishment of start and end 
dates for the investment. The lives of building components 
or elements are not dependent upon policy decis i ons and 
estimating the anticipated useful life remains the respon-
sibility of the design team. A further important aspect in 
this regard is that a life cycle cost analysis is concerned 
solely with the total cost over the determined life of the 
investment. Aspects such as obtaining increased rentals by 
the use o f superior quality and more expensive finishes is 
regarded as a separate issue and has not been cons idered in 
this thesis. 
The choice of interes t rate is another extremely important 
aspect that requires Client participation . This is discussed 
in greater detail in later chapters but it is important to 
note that the interest rate is an individual matter that 
must be selected by the owner prior to implementation of life 
cycle cost analysis. A further important point is that all 
life cycle cost studies are assumed to apply to either 100 
per cent borrowed or 100 per cent equity funded situations. 
Although ~ tax rate of 50 per cent has generally been used 
in the examples contained in this thesis it must be reme mbered 
that this rate will be modified according to the tax position 
of each individual investor. Similarly the time lag factor 
between income accrued and actual payment of income tax to-
gether with the 'loan levy' portion has not been taken into 
account although both can be accommoda ted fairly easily. 
9. 
Life cycle costing employed at the inception stage ~f a 
development can be used as a technique for determining 
whether or not to build. 
Once the decision to build has been taken the optimum 
basic design solution can be determined. During the 
initial stages it will be preferable to concentrate on 
those aspects which potentially have the largest impact 
on both capital and running costs. Thereafter, attention 
can be given to those items which are expected to be 
heavily maintenance intensive. This technique is ideally 
suited to assist in the selection of appropriate building 
components, and it is examples of this nature that have 
been used to illustrate the basic principles and techniques 
o f life cycle costing. However it must be emphasized that 
the optimum solution representing the best value and the 
lowest total cost may not be capable of realisation due to 
shortage of capital on the part of the investor. 
There are several methods which may be employed in order to 
give a fair evaluation of alternative proposals . The 
three procedures stated below, provide for all cash flows, 
regardless of when they are incurred, to be converted to 
equal terms at common points in time. The first two vlhich 
are widely accepted and commonly used will be considered in 
detail . The third method has not found favour although it 
is suitable for use in life cycle cost studies . 
1. Equivalent Present Value Sums - representing a 
total single payment, 
present worth. 
2. Equivalent Annual Value Sums - representing uniform 
annual costs. 
3. Equivalent Future Value Sums - representing a tota.l 
single paymen~ worth 
at the conclusion of 
the investment 
10. 
This method is the inverse of the Present Value 
method but has not been considered in any detail. 
These methods are clearly illustrated by the time line 
diagrams shown below: 
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TIME LINES ILLUSTRATING THE THREE METHODS EMPLOYED IN LIFE 
CYCLE COST TECHNIQUES 
All these methods are fully interchangeable, the choice of 
method being dependent upon the user and his objectives. 
The equivalent annual value sum method is ideally suited to 
build or lease situations , but whichever technique is 
followed the concept of equivalence comparisons remains 
fundamental to life cycle costing. 
EQUIVALENCE 
For meaningful comparisons to be made of differing sums of 
money occurring at various points in time the concept that 
payments differing in quantity but made at different periods 
in time may be equivalent to one another is a fundamental 
supposition. The compounding and discounting formulae 
discussed hereafter enable us to compute values of differing 
sums occurring at various points in time, and so forms the 
basis for comparing alternative possibilities. 
11. 
For example,using a present value of Rl 000. 00, an interest 
rate of 10 per cent and a time period of three years the 
following series of payments will be equiva l ent to o ne 
another. Inflation and income tax, which wil l modify these 
results , have b een ignored. 
1.· Rl 000 .00 today is equivalent to Rl 331.00 
receivable in three years time. 
2. Rl 331.00 receivable in three years time is 
equivalent to Rl 000.00 today 
3. Rl 000.00 today is equivalent to R401.81 per 
annum for the next three years 
4. R401.81 per annum for the next three years is 
equivalent to Rl 331.00 receivable in three 
years time. 
Any modification to the stipulated interest rate or time 
period will render different values and the payment series 
would not be equivalent. 
l2 I ~31. oo 
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TIME LINES. ILLUSTRATI NG 'l'HE CONCEPT OF EQUIVALENCE 
12. 
C H A P T E R 2 
COMPOUNDING AND DISCOUNTING FORMULAE 
Since life cycle cost analysis deals with costs over the 
life of an investment, and involves both money received or 
expended today and money to be received or to be expended 
in the future, the effects of the time value of money will 
.be fundamental to any analysis. Central to the 'time 
value of money' concept is the fact that money has the 
capacity to earn interest and, as such, the basic princi-
ples of compounding and discounting must be clearly under-
stood. The derivations and explanations of the applicable 
mathematical formulae are available in numerous textbooks 
and will not be considered in this document. However, it 
is important that the functions performed by these formulae 
are clearly defined and understood so that they are capable 
of being used in their correct context. 
SYMBOLS 
The following symbols are employed in the mathematical 
formula in this document: 
ATP designates the present value of money after 
payment of income tax 
ATPLC 
13. 
des ignates t he present value of expenditure 
a f ·t e r allowance for income tax on interest 
and tax r e lief on expenditure 
ATPLCD designates the present value of depreciation 
cha rges after allowance for income tax on in-
terest and tax relief which is to be deducted 
from expenditure 
ATRS designates the real value of a sum of money, 
at a specified future point in time, after 
allowance for inflation and income tax 
ATS designates a sum of money , at a specified 







designates the annual depreciation for income 
tax purposes 
designates the life of an asset 
designates the principal or present value of 
money 
designates a uniform series of payments which 
are paid at the end of each period 
designates a uniform series of payments which 
are paid at the start of each period 
R designates the residual value of an asset 
RS designates the real value of a sum of money, 
at a specified future point in time, after 
allowance for inflation 
s designates a sum of money at a specified 




designates the rate of interest earned after 
payment of income tax 
designates the interest rate per period. In 
this document it shall also indicate the 
'nominal' interest rate per annum and all 
given rates of interest shall, unless specifi-
cally stated otherwise, be deemed to mean in-
terest compounded annually, i.e. an interest 
rate stated as 10% shall indicate that the in-
terest rate is 10% compounded annually 
m designates the inflation rate per annum 
n designates the number of compounding periods 
p designates the compounding period when they 




designates the real interest rate after allow-
ance for inflation 
designates the 'effective' interest rate when 
the interest periods are shorter than one year 
designates the percentage tax payable on 
accrued interest 
COMPOUND INTEREST 
For an investment or transaction continuing over a period of 
time, interest may be calculated in one of two ways:-
(i) At the end of each interest period the interest earned 
is paid to the investor. The capital remains con-
stant and hence interest payments are unchanged through-
out the investment life. This is termed simple in-
terest. 
15. 
(ii) At the end of each interest period the interest 
earned is added to the capital sum thus increasing 
the capital amount. This re-investment of interest 
at the end of each interest period is termed com-
pounding and the total amount at the termination of 
the investment life is called the compounded amount . 
The difference between the compounded amount and the 
original capital investment is known as compound in-
terest. 
The investment appraisal techniques referred to in this 
document all involve the principle of compound interest. 
The operation of compound interest is fundamental to all 
formulae used in life cycle costing and reflects the 'time 
value of money' concept - namely that money has the capa-
city to 'multiply' with time. Simple interest, because 
interest does not earn interest, is unable to recognize 
this growth factor and as such is unsuitable for real 
property investment appraisal techniques. 
In order to visualize the concept of compounding, the 
following simple example is given. 
EXAMPLE 1 
If Rl 000.00 is invested for three years at 10 per cent 
interest what is the total sum at the end of that period? 
Principal at start of year 1 1 000.00 
Interest for year 1 100.00 
Principal at start of year 2 1 100.00 
Interest for year 2 110.00 
Principal at start of year 3 1 210.00 
Interest for year 3 121.00 
TOTAL SUH Rl 331.00 
=================================== 
16. 
The mathematical formu l a f or compound i nteres t of a singl e 
paymen t amount is:-
s = p (1 + i)n 
and the pr oblem in example 1 is solved a s f ollows:-
s = p (1 + i)n 
= 1000 (1 + ,10)3 
= 1000 X 1,331 
= Rl 331.00 
It mus t be noted that t his formula applies only to a single 
payment amount invested at the start of the accounting 
period. The time line below shows clearly the results of 
the annual compound ing of Rl 000.00 invested at 10 per cent 
per annum for three years. 
INVESTMENT 
Rl 000.00 Rl 100.00 Rl 210.00 Rl 331.00 
~------------------~----------------~-----------------~ 
Year 0 Year 1 Year 2 Year 3 
Life cycle cos ting involves the economic appraisal o f var ious 
.alternative possibilities each having diverse life spa ns . For 
valid comparisons to be made it is generally convenient t o 
calculate the present value instead of the future or com--
pounded value. This process is known as discounting and is 
the reciprocal of the method for calculating a future sum. 
The formula for the present value of a future single payment 
is:-
p = s L: i)n] or p = s (1 + i)n 
This function is described in the following example. 
EXAMPLE 2 
What is the present value of Rl 331.00 receivable in three 
years time if money can be invested at 10 per cent interest? 
p = s --
(1 + i)n 
= 1331 
(1 + ,10) 3 
= 1331 
1,331 
::: Rl 000.00 
17. 
To avoid unnecessary and laborious calculations, compound 
interest tables may be referred to for problems of this 
nature. These tables are readily available and the 
factors contained therein will be u~ed in certain examples. 
This does not diminish the importance of a clear under-
standing of the basic principles and functions of the 
mathematical formulae. Lack of an absolute comprehension 
of these fundamentals will invariably result in incorrect 
usage of compound interest tables. 
NOMINAL AND EFFECTIVE RATES OF INTEREST 
Compound interest is generally expressed as an annual rate, 
although it may be paid over daily, monthly, quarterly or 
half-yearly periods. Since the interest rate is the 
'interest rate per period' the effect of compounding periods 
shorter than one year must be recognised. 
EXAMPLE 3 
If Rl 000.00 is invested for three years at 10 per cent 
interest , compounded quarterly, what is the total sum at 
the end of that period? 
s = p (1 + i)n 
= 1000 ~ + , 1~] 12 
= 1000 (1 + 0,025) 12 
= Rl 344.89 
The stated annual interest rate for compound periods of less 
than one year is termed the 'nominal interest ra·te' whereas 
the actual rate of interest earned in one year is termed the 
'effective interest rate'. 
In the previous example the 10 per cent nominal interest 
rate results in an effective interest rate of 10,38 per cent 
when compounded quarterly. The mathematical formula for 
the calculation of the effective interest rate is: 
18. 
ll +-;-]p - 1 r = 
so that r -L!Qr - 1 r = 1 + 4 
= (1,025) 4 - 1 
= 10,38% 
It is important that the interest rate per period corres-
ponds with the compounding period interval, and mixtures 
such as monthly interest rates with half-yearly periods 
are incorrect. 
The interest rates and periods for a nominal interest rate 
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One interesting aspect concerning economic viability studies 
is that the effective interest rate is rarely utilised even 
though most payments and revenues are conducted on a monthly 
basis. The convention of compounding for a yearly period 
is generally adopted and the assumption is that both income 
and expenditure will be single lump sum payments occurring 
at the end of each year. Where investments involve large 
payments, appreciable differences to the cash flow could 
result and it is my contention that in studies of this 
nature· serious consideration should be given to the use of 
effective interest rates. 
For present value appraisal techniques involving compounding 
periods of greater frequency than one year, the effective 




~~at is the present value of Rl 344.89 receivable in three 
years time if money can be invested at 10 per cent interest, 
compounded quarterly? 
The procedure used in the previous examp le is again adopted 
to realis e an effective interest rate of 10,38 per cent. 
p = s 
(1 + i)n 
= 1344.89 
(1,1038)3 
= Rl 000.04 
This discrepancy is a result of rounding off to fourdecimal 
places. Similar results, also as a result of rounding off, 
will be encountered in the following chapters • 
.A..~NUITIES 
An annuity involves a series of equal payments received or 
expended at regular periods of time and, as such , property 
investment appraisal techniques lend themselves ideally to 
common usage of these formulae. An 'ordina ry annuity' is 
an annuity in which payments are made at the end of each 
period whereas an 'annuity due' is an annuity in which pay-
ments are made at the start of each period. 
(i) Ordinary Annuity 
The formula for the sum of an ordinary annuity is:-
[(1 + ~)n - 1] S = PMT 1. 
which arises from the formula for compounding a single 
payment amount. The use of this formula is best ex-




If Rl 000.00 is i nvested at 10 per cent interest at the end 
of each year for a period of three years what is t he total 
sum at the end of that period? 
[ (1 + ~)D - 1] 
s =PMT 
= 1000 [(1 +,10)3-1] 
,10 
= R3 310 .00 
The time line below illustrates the above example:-
End y ear 1 End year 2 End year 3 
Payment 1 Payment 2 Payment 3 
Rl 000.00 Rl 000.00 Rl 000.00 
s = 1000 (1 + i)2 + 1000 (1 + i) + 1000 
= 1210 + .1100 + 1000 
= R3 310.00 
(ii) Annuity Due 
The mathematical formu la for equal payments paid at 
the start of each period is:-
s = PMTD 
[ (1 + ~In - 1] (1 + i) 
Considering the problem in example 5 but with pay·ments 
made at the start of e a ch period . 
[ 
( 1 + '10) 3 - 11(1 + ' 10) 
s = 1000 i J 
= 1000 X ,331 X 1,10 
,10 
= R3 641.00 
21. 
The difference between an 'ordinary annuity' and an 
'annuity due' is clearly shown in the time line below:-












1000 (1 + i}3 + 1000 {1 + i)2 + 1000 {1 + i} 
1331 + 1210 + 1100 
R3 641.00 
Unless expressly stated otherwise, annuity formulae used in 
the following chapters will be the ordinary annuity formula. 
As in the case of the compound interest formulae it will 
generally be more convenient to express the annuities in 
terms of present value. The formula for the present value 
of an ordinary annuity is:-
p = PMT [ (1 + ~) n - 1] [(1+\)n] 
p = PMT [ (1 + i) n -1 J 
i{l + i}n 
EXAMPLE 6 
What is the present value of Rl 000.00 invested at 10 per 
cent interest at the end of each year for a period of 
three years? 




i(l + i)n 
[
(1 + ,10)3-
,10 (1, 10) 3 




Therefore, if R2 486.85 is invested at 10 per cent 
interest for a period of three years the future value 
would be:-
s = p (1 + i)n 
= 2 486.85 (1 + ,10)3 
= R3 310.00 (see example 5) 
The mathematical formula for the present value of an 
annuity due is expressed as:-
p = 
EXAMPLE 7 
PMTD [ (1 + i)n - 1] i(l + i)n 
(1 + i) 
~fuat is the present value of Rl 000.00 invested at 10 
per cent interest at the start of each year for a 
period of three years? 
p = 1 000 
= 1 000 
[ 
(1 + '10) 3 - 1] (1 + '10) 





= R2 735.54 
If this amount was invested at 10 per cent interest for 
a period of three years the future sum would amount to:-
s = p (1 + i)n 
= 2735,54 (1,10)3 
= R3 641.00 
23. 
SINKING PUND PAYMENTS 
Sinking fund payments are annual payments inves ted to p r o-
duce a required sum at the end of a specific p e riod. The 
formula for an ordinary annuity is S = PMT [( 1 + ~)n - 1 ] 
where t he fu ture s um is calculated on the b asis of annual 
payments, interest rate and duration of the investment. 
Therefore , based on ·this equation the formula for sinking 
fund p ayments will be:-
PMT = s i 
] L + 
In this equation it is once again assumed that the payments 
are made at the end of each period and that no interest will 
be applied to the final payment. 
EXAMPLE 8 
If R3 310.00 is required at the end of three years and money 
is invested at 10 per cent interest, what amount must be in-
vested at the end of each year to obtain the required am0unt? 
PMT = s 
[ (1 + i): 1 - 1 1 
= 3310f ,10 1 
(1 + '10) 3 - 1 
= Rl 000.00 
With a · basic understanding of the formulae described in the 
preceding pages, life cycle costing of alternative possi-
bilities can b e undertaken . However, it must be emphasised 
that indiscriminate application of the formulae can lead to 
serious error and it is e ssenti a l to ensure that the 
equation used is the correct one to perform the function in-
tended. 
24. 
C H A P T E R 3 
INCOME TAX AND INFLATION 
Two factors which have significant cost implications are 
income tax and inflation. Each of these will be dealt 
with separately. 
INCOME TAX IMPLICATIONS 
Broadly speaking income tax is a charge levied on the 
gross income after deduction of permissable expenditure. 
The percentage tax payable depends upon the tax position of 
the investor, but since most property investors operate not 
as private individuals but as companies, the problems 
associated with income tax calculations are alleviated to a 
certain degree. In spite of the fact that the company tax 
rate is not deterrnined by the income generated, constant 
changes in the tax structure make it extremely difficult to 
predict with any degree of certainty the effects of income 
tax over a prolonged period of time. 
It is not the intention to describe in detail the tax system 
which is in itself a lengthy and complicated subject, but 
merely the general techniques involved in order to illustrate 
the effects of income tax on life cycle costing. The first 
consideration will be the effects of income tax on accrued 
interest. 
Assuming t hat the percentage tax p ayable is constant over 
the period of the investment the formula for an after tax 
single payment compound int erest amount is:-
ATS = P [1 + i ( 1 - t~n 
The i ncome tax implications of a single payment investment 
c an be seen in the fo llowing example :-
EXAMPLE 9 
If Rl 000.00 is invested for three years at 10 per cen t 
interest and the tax payable is 50 per cent, what is the 
total sum at the end of that period? 
ATS = p ( 1 + i (1 - t)] n 
= 1000 ll + ' 10 ( 1 - '5 )] 3 
= 1000 (1,05) 3 
= Rl 157.63 
This can be verified by tracing the history of the 1n-
vestment as follows :-
Principal at start of year 1 1 000.00 
Interest for year 1 100.00 -
1 100.00 
Tax payable on RlOO.OO interest (50%) 50.00 
Principal at start of year 2 1 050.00 
Interest for year 2 105.00 
1 155.00 
Tax payable on RlOS.OO interest (SO%) 52 .50 
Principal at start of year 3 1 102.50 
Interest for year 3 110.25 
1 212.75 
Tax payable on Rll0.25 interest (SO%) 55.12 
Future value Rl 157.63 
========= 
To calculate the rate of interest earned after the payment of income 
tax the following formula app lies:-
b = 1 (1 t) 
Therefore, if income tax is 50 per cent, a 10 per cent 
interest rate would give an effective rate of 5 per cent 
after payment o f tax. 
b = i (1 - t) 
= ,10 (1 - 1 5) 
= ,05 or 5 per cent 
To achieve a stipulated after tax interest rate the fo rmula 
to be adopted is:-
b = i (1 t) 
i = b ----
1 - t 
A required after tax interest rate of 10 per cent per annum 
with income tax deductions o f 50 per cent would need an 
initial interest rate of:-
i b 
1 - t 
,10 
1 - , 5 
= ,20 or 20 per cent 
For income tax allowances to be incorporated into an annuity 
formula the interest rate must be adjusted to allow for the 
income tax percentage . 
EXAMPLE 10 
If Rl 000.00 is deposited at the end of each year for a period 
of three years at 10 per cent interest and the tax rate is 50 
per cent the future value will be:-
b 
ATS 
= i (1 t) 




[(1 + :)n -1] 
[
(1 ,05)3 - 1] 
,05 
= R3 152.50 
27. 
The aforementioned is further illustrated by means of the 
following time line:-
0 End year 1 End year 2 End year 3 
Payment 1 Payment 2 Payment 
Rl 000.00 Rl 000.00 Rl 000.00 
s :::: 1000 (1 + b)2 + 1000 (1 + b) + 1000 
= 1000 (1 + ,05)2 + 1000 ( 1 -1- 1 05) -1- 1000 
= 1102,50 + 1050 + 1000 
:::: R3 152.50 
Similarly when considering after-tax present values the 
discount rate must be adjusted to allow for income tax. 
This formula will read:-
ATP = s or ATP = s 
[1 + i (1 - t~n (1 + 
EXAMPLE 11 
What is. the present value of Rl 157.63 receivable in three 
years time if interest is 10 per cent and the tax payable 
50 per cent? 
ATP = s 
[1 + i (1 - t)] n 
= 1157,63 
[ 1 + , 10 (1 - ,s)] 3 
= Rl 000.00 
The after-tax present value formula for an annuity is:-
3 
b)n 
ATP = PMTr. (1 + b)n - 1] or 
lb(l + b)n 
ATP = PMT r(l + b)ll - ~1......1 
l b J<, ..1.. h'n 
28. 
EXAMPLE 12 
What is the present value of Rl 000.00 deposited at the end 
of each year for a period of three years at 10 per cent in-
terest if the tax rate is SO per cent? 
ATP = PMT t (1 + b)n - 1] 
b(l + b)n 
= 1000 [ (1 + ,05)3 - lJ 
,OS (1 + ,OS) 3 
= R2 723.25 
So far income tax payments and their effects on accrue d 
interest have been inves tigated. A further consideration 
must be the effects of income tax on net income from the 
investment . Tax payments on income may be treated as 
negative cash flows. However, as far as life cycle costing 
is concerned the analysis represen ts only expenses incurred 
in the life of the investment. For .tax implications to b e 
accommodated the tax relief gained by expenses must be 
treated as a reduction of maintenance costs. 
EXA't-IPLE 13 
What is the present value of Rl 1S7.63 expended in three 
years time if inter est is 10 per cent and the tax payable 
50 per cent? 
ATPLC 
= l(l : b)D ] 
[
1157,63] X ,5 




The formula for an after tax present value of a series of 
uniform expenditures occurring at the end of each period 
would therefore read:-
ATPLC = PMT [ ( 1 + b) n - 1] 
lb(l + b)n 
(1 - t) 
29. 
or 
ATPLC = PMT [<l + .b) n - 1] [ 1 ] ( 1 - t) 
b · - (1 + b)n 
EXAMPLE 14 
What is the present value of Rl 000.00 expended at the end of 
each year for a period of three years at 10 per cent interest 
if the tax rate is 50 per cent? 
ATPLC = lOOO[_Q 
05(1 
+ ,05) 3 
+ ,05) 3 
= 1000 X ,157625 
,05788125 
= Rl 361.63 
-1] ,5 
X ,5 
Thus income tax paid on accrued interest has the same 
effect as reducing the interest rate and increasing the 
present value. However, should future payments represent 
an expense which is tax deductible, the present va l ue amount 
must then be reduced by the tax relief factor. This re-
sults in the unique position of having increased present 
values on the one hand being offset by reduced present values 
on the other, both of which are occasioned by the same factor , 
income tax. 
Assuming that a building is to be repainted in three years 
time at a cost of Rl 331.00 and the interest rate used is 
10 per cent. 
The present value of the future sum would,in this instance, 
be Rl 000.00 If a tax payment of 50 per cent was introduced 
the effect on the accrued interest would be to increase the 
present value to Rl 149.77. Commercial deve lopments \vould 
be allowed to deduct painting as an expense against income 
and the applied tax relief factor results in a present value 
of R579.89 
Another important aspect in respect of income tax impli-
cations is the factor of depreciation. 
30. 
DEPRECIATION 
In this docume nt de preciation shall mean depreciation f or 
tax purpos es and i s the amount or p e rcentage, allowed by 
the Receive r of Revenue, to be deducted from income. 
Although the building itself cannot, in normal circumstances, 
be depreci ated, certain components therein may be subject to 
depreciation and tax relief obtained therefrom. No fi xed 
rates of depreciation or list of components are laid down 
since the y are subject to agreement with the Receiver. In 
order to give a clearer indication of what allowances might 
be permissible the following is a list given by Mr. F Bihl 
(Project Management Seminar - UNISA October 1977) of allow-
ances granted by the Receiver on an actual project. In 
this particular case the percentages were adjusted on a 
'straight line' basis whereas the more common practice would 
be the use of the 'reducing balance' method. · 
Annual Depreciation (for income tax purposes) 
Lifts (movable parts only) 
Escalators (movable parts only) 
Electric stoves 
Gas meters 
Loose standing partitions 
Incinerators 
Waste compactor 
Public address system 
Air compressors 
Water softener plant 
Water boilers 




Blinds and curtains 
Carpets 






















Air conditioning equipmen·t (movable parts only) 10% 
Vacuum cleaners 20% 
Lockers 10% 
As fa r as depreciation i s concerned the main problem arises 
with the salvage value, if any , of the component. Where 
the tax value o f the asset is less than the s~lvagc v a l ue 
then the difference must be treated as income for that. t ax 
year. However, where t he tax value of the as s et is more 
than the salvage value then the dif ference in this case may 
be treated as further depreciation and adjus ted against in-
com~ received during that particular tax year. For the purpose 
of examples it will be assumed that reasonably correct 
estimates have been made for the longevity and salvage 
values o f given assets. 
Straight line method of depreciation: 
This is the simplest method which depreciates an asset by 
the same amount each year. It must be noted that this 
method c a n only be used with the prior consent of the 
Receiver. The fo rmula for the straight line method o f 
depreciation is:-
D = p R 
L 
Where the tax value of an a sset has been written down to 
nil, no further depreciation allowance may be claimed for 
that asset. 
For example, consider a set of locke rs with a first cost of 
R2 500.00, an estimated life of 10 years (which would be 
allowable according to the 10 per cent allowance supplied 
above), and an estimated residual value of R500.00 The 
annual d e preciation charge would be computed as follows :-
32. 
D = p - R 
L 





The annual depre ciation charge represents a positive cash 
flow and as in the case of tax allowances for maintenance 
costs can conveniently be treated as a reduction of negative 
costs of a life cycle cos t analysis. In the above example 
the R200.00 depreciation per annum must first be converted 
to present value and the tax saving thereon offset against 
incurred costs. If the interest rate is 10 per cent and 
the tax rate 50 per cent the amount to be offset agains t 
qapital costs would be:-
Present value factor of Rl.OO per annum over 
10 years at 5 per cent (10 per cent less tax) 
= 7,7217 
Therefore present value of R200 .00 per annum 
for 10 years at 5 per cent 
= R200.00 X 7,7217 
= Rl 544.35 less 50 per cent tax 
= 
ATPLCD 
R 772.17 which must .be deducted from 
maintenance costs 
OR 
= PMT [ (1 + b)n - 1 J (1 - t) 
b(l + b}n 
= 200 [ (1 + ,05) 10-- 1] (1 - '5) 
,05(1 + ,05 }10 
= 200 t 1. 6 2 8 8 9 - 11 ' 5 
,05 X 1. 62889 
= R772.17 
33. 
Reducing Balance ~~thod of Depreciation: 
This method reduces the asset by the same percentage each 
year and gives high early depreciation but never reaches 
nil value. The use of this method means that the total 
annual costs of an asset are more likely to be evened out 
to uniform amounts since maintenance and repair costs are 
generally low in earlier years and tend to increase with 
the age of the asset . 
There is no arithmetic formula for calculating the present 
value of a reducing balance method of depreciation so that 
the procedure to be adopted will, off necessity, be time-
consuming and laborious. 
EXAMPLE 15 
What is the present value allowance to be made against ex-
penditure for carpets, to an office building, costing 
R4 000.00 initially? Interest rate is 10 per cent and tax 
rate 50 per cent. The depreciation allowance is 25 per 
















VALUE AT END 
R3 000.00 
R2 250. 00 
Rl 687.50 
Rl 265.63 
Since there is no salvage value in this case Rl 265 .63 must 
also be included in year four as a further depreciation 
allowance. The depreciation allowances are converted to 
present values using an interest rate of 5 per cent (10 per 
cent les s t ax rate). 
34. 
YEAR DEPRECIATION ALLOWANCE P V FACTORS (5%) 
1 Rl 000.00 J9524 
2 R 750 .00 ,9070 
3 R 562.50 ,8638 
4 R 421.88 ,8227 
Rl 265. 63 (Non de- t8227 
preciated 
amount) 
Less 50 per cent t ax 
Allowance to be off set against expenditure 
p v 
R 952 . 40 
R 680.25 




Rl 753 .43 
Rl 753.42 
===::::;:====== 
Note: Should the asset realise a residual or salvage value 
greater than the tax value of the asset at the end period 
the di fference bet\veen the tax asset and salvage value would 
constitute income and must be deducted from the depreciation 
allowance. 
I MPACT OF I NFLATION 
Inflation is the declin ing value of the purchasing power of 
money which can be a critical factor in investment decisions, 
especially with today's high rate of inflation. Two problems 
associated with inflation which may require solving are:-
1. The anticipated effects on future costs 
2. The real value of future costs (i.e. the value in 
today's purchasing power of money) 
The anticipated future cost of a single payment amount is 
easily calculated by means of compound interest formulae. 
EXAMPLE 16 
What will be the cost of an article in three years time 
costing Rl 000.00 today, if inflation is t aken at 5 per cent1 
s = 
= 
P (1 + i)n 
1000 (1 + ,05)3 
= Rl 157.63 
35. 
Where the real value is to be calculated for a future sum 
of a single payment amount invested at compound i nterest, 
the effects of inflation can readily be include d in the 
calculations. 
The expression for a real interest rate after allowance for 
inflation will be:-
q = p + 
+ ~] 
- 1 
Returning to example 1 on page 15. If Rl 000.00 is inves ted 
for three years at 10 per cent interest, the future value 
amounts to Rl 331.00 However, Rl 331.00 receivable in 
three years time will not have the same purchasing power as 
Rl 331.00 today. Price increases in the intervening years 
will have caused the erosion of the real value of money. 
Provided the inflation rate is known then the real pur-
chasing power , in today' s terms, can be calcula-ted. 
is illustrated by the follow·ing example:-
This 
EXAMPLE 17 
If Rl 000 .00 is invested for three years at 10 per cent 
interest, what is the real value at the end of that period 
if inflation is expected to be 5 per cent per annum? 
For the real purchasing power to be calculated the 10 per 








= ,04762 or 4,762 per cent 
RS = P (1 + q)n 
= 1000 (1 + ,04762)3 
= Rl 149.77 which is equivalent (in real terms) 
to Rl 331.00 receivable in three years 
if inflation is 5 per cent per annum. 
36. 
This can be proved as fo llmvs:-
Principal at start of year 1 1 149.77 
Inflation for year 1 57.49 
Principal at start of year 2 1 207.26 
Inflation for year 2 60.36 
·Principal at start of year 3 1 267.62 
Inflation for year 3 63.38 
Principal at end of year 3 Rl 331.00 
========= 
For a real rate of interest to be achieved, after allowance 
for the reduced purchasing power of money, then the applic-
able rate for inflation must be incorporated in the overall 
interest rate. One method would be to add the required 
rate of interest and the annual inflation rate. In periods 
of low interest and inflation rates this would be fairly 
accurate; however, with the higher rates experienced in 
present times, the adjusted interest rate should be cal-
culated as follows:-
Adjusted interest rate = (1 + i) (1 + m) - 1 
Assuming that a real rate of interest of 10 per cent is re-
quired, after allowance for 5 per cent inflation per annum, 
on a single payment amount of Rl 000.00 invested for three 
years then the adjusted interest rate will be:-
Adjusted interest rate 
S = P (1 + i)n 
= 1000 (1 + ,155)3 
= (1 + i) 
= 1,10 X 
(1 + m) - 1 
1,05 - 1 
= ,155 or 15,5 per cent 
= Rl 540.80 which is the amount receiv-
able in three years time and 
is equivalent to Rl 331.00 in . 
today's purchasing power of 
money if inflation is 5 per 
cent per annum. 
37. 
i.e. p = s 
(1 + l)n 
= 1540,80 
(1 + ,05)3 
= Rl 331.00 
When computing the real value of a series of uniform pay-
ments at the end of each period , the simplest method is 
to calculate the future value of the serie s and then dis-
count t hat amount by using the interest rate for inflation. 
The formula for an ordinary annuity i s :-
s = PMT l (1 + i: n ::__!] 
which must then b e ad justed by the present value formula:-
1 --
(1 + m)n 
Thus RS = PMT [ (1 + i~n - 1 ][ (1 1 
m)n] + 
[(1 + i)n - 1] 
i (1 + m)n 
= PMT 
EXAMPLE 18 
If Rl 000.00 is invested at 10 per cent interest at the 
end of each year for a period of three years what will 
be the real value of the total amount at the end of that 
period if inf l ation is 5 per cent per annum? 
RS 
= 
PMT r (1 + i)n - 1] 
li(l + m)n 
1000[ (1 + , 10)3- 1] 
. ,10 (1 + ,05)3 
R2 859.30 
38. 
Considering the future costs of a series of uni f o rm p ay-
ments that will increase with inflation. We f ind that 
each payment in the series will suffer diffe rent degrees 
of inf l ation and each value wil l have t o be c a lculated 
s eparate l y. 
· Example 19 
If the yearly i ncome i s Rl 000. 00 and i s expected t o in-
crease by 5 per cent per annum, what will the pr es ent 
va lue be at the end of three years if i nterest is t aken 
at 10 per cent? 
Year Income P V Fact or (10%) p v 
1 1000 (1 + , 05) = 1 050.00 ,9091 95 4.56 
2 1000 (1 + ,05)2 = 1 102.50 ,8264 911.11 
3 1000 (1 + ,05)3 = 1 15 7.63 ,7513 869.73 
R2 735.40 
========= 






1000 (1 ~ ,05) = 
1000 (1 + ,05)2 = 














The amount o f R3 640.88 is equivalent to R2 735.40 if in-
terest is taken at 10 per cent per annum. 
Unfortuna tely both income tax and inflation are real problems 
as s oc i ate d with the ma jority of investment decision s and 
the ir cumulat ive effect must be assessed. 
39. 
INFLATION AND I NCOME TAX 
For a single payment a mount invested at compound interest 
for a stipulated number of years the mathematical formula 
is:-
S = P (1 + i)n 
which when tax is taken into account, changes to!-
ATS = P (1 + b)n 
and when inflation is considered will be:-
RS = P (1 + i)n [ 1 1 
(1 + m)ll 
The formula for allowing for income tax and inflation 
would therefore be:-
ATRS = P (1 + b)n [ 1 ] 
(1 + m) n 
EXAMPLE 20 
If Rl 000.00 is invested for three years at 10 per cent 
interest what is the real value at the end of that period 
if the tax rate is 50 per cent and inflation 3 per cent 
per annum? 
ATRS = P (1 + b) n 
p (1,05) 3 
= Rl 059.39 
l(l: m)n] 
L,o~)3 ] 
This method can be simplified by the use of the formula:-
ATRS = p 
[ 
1 + bln 





= Rl 059.39 
40. 
Th e technique for adjusting the i n teres t r a t e t o allmv 
f o r inflation i s:-
q = [ 1 + ij"'- 1 
1 + m 
If (1 + i) is substituted by (1 + b) then the f ormula 




rll + bl- 1 
1 + mj 
[
1 + ,os] - 1 
1 + ,o3j 
,0194 17 or a n interest rate of 1 ,9417 
per cen t. 
Therefore , employing the norma l compo und interest formula 
ATRS = P (1 + q)n 
= 1000 (1 + ,019417)3 
= Rl 059.39 
Similarly, the formul a for a n ordina ry annuity may be ad-
justed to allow for both income tax and infla tion. 
RS = PMT r· ( 1 + i) n - 1] 
i(l + m)n 
Substituting 'b' for 'i' the formula now reads:-
ARTS = PMT l (1 + b)n - 1] 
b (1 + m) n 
EXAMPLE 21 
If Rl 000.00 is invested at the end of each year for three 
years at 10 pe r cent interest what would be the real value 
at the end of that period if inflation is 3 per cent per 
annum and income tax 50 per cent? 
ARTS PMT [ ( 1 + b) n - 1l 
b (1 + m)n ] 
1000 [ (1 + , 05)3 - 1] 
l,os (1 + ,o3) 3 
R2 884.9 8 
41. 
As life cycle costing is concerned primarily with the 
values of future c ash flows, income tax and the effects 
of inflation on future costs will be of prime importance. 
EXAMPLE 22 
It is estimated that it will cost Rl 000 . 00 to paint 
. the external facade of a building at today 's costs. 
Wha t is the present value of the cost of painting in 
three years time if the i nterest rate is 10 per cent, 
inflat ion 3 per cent and income tax 50 per cent? 
The steps to be taken would be as follows:-
(a) Calculation of the future cost of repainting 
S = P (1 + m)n 
(b) Calculation of the present value after tax of 
the future cost 
ATP = P (1 + m) n X __ 1
(1 + b)n 
(c) Calculation and adjustment of the effects of 
income tax on the net income i.e. the tax re-
lief factor 
ATPLC = P (1 + m)n X 1 X (1 - t) 
= P [1 + m]n X 
h + b 
• ATPLC = 1000 [1 + ,03]3 
1 + ,05 
R471. 97 
(1 + b)n 
(1 - t) 
(1 - ,5) 
As described previously, each payment in a series of 
uniform payments will suffer different degrees of inflation 
and hence each payme nt will have to be calculated separately. 
EXAHPLE 23 
It is estimated that it will cost Rl 000.00 to paint the 
external facade of a building at today's costs. What is the 
pres ent value of the total cost of painting if the building 
/is to be 
42. 
1s to be repainted at the end of each year fo r the 
nex t three years ? Interest is 10 per cent, in-
f1ation 3 per cent and income tax 50 per cent. 
Year Income P V Factor (5%) 
(after tax) ---
1 1000 (1 + ,03) = 1 030.00 ,9524 
2 1000 (1 + ,03) 2 = 1 060 . 90 ,9070 





Present value ••••••••• 2 887.11 
Less tax 50% 1 443.55 
ATPLC ••.• Rl 443.56 
==================== 
SUMMARY 
Before considering further practical examples it might be 
expedient to briefly summarise the most important formulae 
discussed previously. 
1. Future value of a single payment amount:-
S = P (1 + i)n 
2. Future value of a series of uniform payments made at 
the end of each period:-
s = PMT l(l + ~)n- 1] 
3. Present value of a single payment amount:-
p = s 
(1 + i)n 
4. Present value of a series of uniform p ayments made 
at the end 
p = 
of each period:-
PMT [ (1 + i)n- 1] 
i(l + i)n 
OR 
43. 
4. p = PMT [<~~)n :__h] [· (1 1 
i)n ] + 
5. Annual sinking fund payments:-
PMT = s L + :)n- J 
6. After tax future value of a single payment amount:-
s = p (1 + b)n 
7. After tax future value of a series of uniform pay-
ments made at the end of each period:-
s = PMT [ (1 + :) n - 1] 
8. After tax present value of a single payment amount:-
p = s 
(1 + b)n 
9. After tax present value of a series of uniform 
payments made at the end of each period:-
p = PMT[ (1 + b)n - 1] 
b(l + b)n 
OR 
p = PMT [ (1 + :)n - 1] L 1 ] + b)n 






(1 - t) 
+ 
11. After tax present value of a series of uniform ex-
penditures occurring at the end of each period:-
ATPLC = PMTt (1 + b)n - 1] (1 - t) 
b(l + b)n 
OR 
ATPLC = PMT [(1 + :)n- 1][(1 1 ~ (1 - t) 
+ b)n 
44. 
12. Calculation of the real interest rate after allow-
ance for inflation:-
13. 
q = fl+i]-1 
l1 + m j 
Present value of a single payment expenditure after 
allowance for income tax and inflation:-
ATPLC = P [l + m]n (l - t) 
1 + b 
These developed formulae will form the basis for the life 
cycle cost analyses which are discussed in detail in the 
following chapters. 
45. 
C H 'A PTE R. 4 
THE PRESENT VALUE METHOD OF COMPARISON 
GENERAL 
The present value method of comparison is a well es ·tab-
lished method that comprises converting all costs in the 
analysis, using a pre-determined interest rate, to a single 
present day sum. It is important to remember that the 
most economic solution for a series of costs has the lowest 
present value, whereas for a series of incomes the best 
solution would have the highest present value. 
This technique is relatively simple to execute and because 
of the method of presentation,offers a readily understand-
able approach. This is particularly advantageous when 
one considers that many Clients and Managers, for whom the 
appraisals are undertaken, have had no formal education in 
the field of economics or mathematics. Another distinct 
advantage of the present value system is that it is readily 
and easily converted to the annual method of comparison. 
One of the problems associated with analyses of this type 
is the comparison of alternatives with different life spans. 
For valid comparisons to be made the alternatives must be 
compared over equal periods of time. 
46. 
When comparisons are required between alternatives of this 
type, the problem can be solved by selecting or deter-
mining a time period equivalent to the shortest life cycle 
under consideration. This is known as the determined 
life cycle. At the chosen cut off point values can be 
assigned to all assets continuing into the future, i.e. 
residual or salvage values, so providing a true analysis 
for each of the alternatives over the same number of years. 
As an illustration of the problem of unequal life spans, 
consider the following situation. 
A machine to be used on a contract lasting three years has 
an initial cost of R20 000 .00 and annual running costs of 
R20 000.00 Its life expectancy is only three years and 
will have no salvage value at the end of that period. An 
alternative machine is also available at an initial cost 
of R43 000.00, but has an estimated life of ten years. At 
the end of three years the predicted re-sale value is 
Rl9 000.00 Operating costs will be Rl2 000.00 per year. 
If the required rate of interest is 10 per cent, which 
machine would be the more viable proposition? 
Machine A 
Initial cost of machine 
Operating costs: 
Present value of R20 000.00 for 3 years 
20 000 X 2,4869 
Total present value 
Machine B 
Initial cost of machine 
Operating costs: 
Present value of Rl2 000.00 for 3 years 
12 000 X 2,4869 
Residual value of machine after 3 years 
Rl9 000.00 
Present value of residual 
19 ooo.x 0,75131 












Machine A offers the most economic solution. 
With all the techniques under consideration cost will be 
the only method of comparison. When comparisons are made 
on this basis it must be assumed that all the alternatives 
are capable of fulfilling the required functional objec-
tives. The design team must, therefore, ensure that the 
technical capabilities of each alternative is satisfactory. 
The only other criterian that may affect the decision is 
termed the irreducible factor. An irreducible factor is 
one that has no alternatives and, as such, may outweigh 
any cost considerations. 
We h ave already stated that the present value method dis-
counts all future costs to today's value. In order to 
maintain an equivalent economic relationship, costs in-
curred prior to that date will have to be compounded at 
the stipulated discount rate. It may not always be con-
venient or practical to use the present day as a baseline 
date, and in property investment appraisal techniques it 
is generally accepted that the start of the accounting 
period is the most suitable point in ..I... l..J.me. However, no 
matter what baseline is chosen, it is essential that all 
costs be time phased to that particular date . It is 
also obvious that costs occurring at baseline date need 
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TIME LINE ILLUSTRATING THE CONCEPT OF COMPOUNDING AND 
DISCOUNTING TO BASELINE DATE 
48. 
THE PRESENT VALUE HETHOD OF COMPARISON AND LIFE CYCLE COST 
ANALYSIS 
For convenience, all future costs incurred shall be as sumed 
to be annual costs occurring as single payment amounts at 
the end of each y ear. Before undertaking a practical ex-
ample the six basic cost categories referred to in Chapter 1 
will be examined and discussed in order to decide upon the 
method o f compounding or discounting to be adopte d. 
1. Capital costs 
If these costs are incurred at baseline date no 
further considerat ion is necessary. Costs 
occurring prior to this time mus t be conve rted to 
the baseline date by means of compound inter est 
formulae, using the stipulated interest rate. For 
single payment amounts the formula P (1 + b)n 
would apply, whereas f or uni f orm payment amounts 
the formula PMT [(1 + :)n- 1] will be used. 
It should be noted that as these costs are of a 
capital nature there is no relief from income tax. 
The only adjustment for tax purposes is that de-
rive d from accrued inte rest or, in this instance, 
from the opportunity rate. Opportunity cost is 
the term employed for loss of income on money in-
vested in an undeveloped site or uncompleted pro-
ject. This loss is equivalent to the income that 
could have been earned had it been profitably 
invested elsewhere. In this case income earned 
from the inves tmen t would have been subject to 
income t ax and deducted accordingly. Opportunity 
costs used will, therefore, be calculated net of 
tax. 
Many property developments have phased building 
operations , allowing Clients to lease parts of the 
scheme prior to contract completion date . In these 
developments income will be derived prior to base-
line date . 
49. 
This income, although reducing the cap ital cost , 
is subject to taxation and tax allowances must be 
made. At this point it will be as well to re-
member that many matters concerning property taxes 
are extremely complex and require the advice of an 
expert, specialising in such aspects, to e valuate 
each individual case. Tax aspects in these 
studies h ave been confined to the effects of tax-
ation on li fe cycle costing and for this reason 
alone certain general assumptions have been made. 
2. Running Costs 
As these are in the form of annual costs, the 
formula as illustrated below will be used if no 
escalation is anticipated. 
PMT [ ( 1 + b) n - 11 [ 1 - t] 
b(l + b)n J 
Where increased costs due to inflation are con-
sidered the cumbersome and time consuming method 
of assessing each annual cost separately must be 
adopted. 
3. Maintenance Costs 
These are generally periodic costs and, as such, 
will have to be adjusted individually . The 
applicable formula in this case will be:-
t::] [ 1-t] 
The tax depreciation allowance will apply to many 
components falling under this and the previous 
category, which, after the necessary tax relief 
factor, must be deducted from the present value sum. 
4. Repair and Replacement Costs 
Will also form single payment amounts which must be 
converted by the same formul a applicab le to 3 above. 
50. 
Care should be take n t o ensure that these costs are 
not of a capital nature since, if so, the tax r e -
lief factor will no longer apply . In t h at case 
the formula must read:-
p ll + m]n 1 + b 
5. Alteration and Improvement Costs 
The tax relief factor will obviously not be used in 
expenses o f this n ature as they defini tely con-
stitute capital costs, and the single payment amount 
formula must once again be exercised. Cos ts of 
this nature are rare ly visualized at baseline date 
and so will not generally be introduced into the 
life cycle cost analysis . Exceptions may b e re-
alised in the case of office buildings , where some 
allowance may be made for changes in office layout, 
as a result of varying tenancies. 
6. Residual or Salvage Costs 
These amounts constitute income which are to be 
treated as negative factors to be deducted from the 
present value sum. It will again be necessary to 
decide which amounts are subject to tax or tax re-
lief since appreciable differences could result as 
a consequence of incorrect decisions. Generally 
speaking, residual value will relate to the resale 
of the development and tax implications need not 
apply since there is , at present,in this Country 
no capital gains tax . Taxation from the point of 
view of salvage value will depend on the amount of 
depreciation previously allowed and each case 
should be evaluated individually. 
The selection of the baseline date has already been con-
sidered, but this is not the complete picture since a cut off 
or e xpiry time must also be established in order to fix the 
determined life cycle. Traditionally one tends to think the 
useful life of a building lasting in the region of fi fty to 
sixty years . 
51. 
Clients, either through functional or economic objectives, 
might have different ideas and the determined life cycle 
of the particular investme nt under consideration should 
be mutually agreed upon. Other problems encountered in 
this regard will be the estimated lives of individual com-
ponents. If there is any doubt as to the probable life 
of any particular component a sensi tivity analysis should 
be introduced and 'rnaximwn' and'minimum' lives could be 
used to determine what effects they will have on the 
analysis. 
Implicit to all life cycle cost techniques is the 
assumption that equal interest rates will be used for all 
comparisons. In making these comparisons it may result 
that the solution representing the best value and lowest 
total cost may not be the one requiring the minimum capital 
expenditure but one, in fact, which the Client cannot 
a~ford. In this case all the facts should be presented to 
the Client who must make the final choice. 
There is one school of thought that considers it unnecessary 
to take into account escalation of future costs in appraisals 
of this nature. Their argument is that price increases will 
affect all alternatives equally and thus make no difference 
to the final choice. This may be the case in certain 
instances, but where replacement lives are different for 
alternative components or materials, the cost consequences of 
inflation can be appreciable. For this reason, I am of the 
opinion that where price increases can be justifiably pre-
dicted they should be included in the appraisal process. Of 
importance is that where inflation is allowed in any part of 
the appraisal it must be continued throughout. There is no 
justification for applying price increases to one component 
and not another. 
In order to show the differences that may be obtained by 
introducing the effects of inflation into life cycle cost 






Applying no inflation or tax factors 
Applying inflation effects only 
Applying tax implications only 
Applying both the effects of infla tion and 
taxation implications 
EXAMPLE 24 
The economic consequences of two alternative floor coverings 
are to be evaluated. The floor area to be covered is 
1 000 square metres and the life of the building is estimated 
to be forty years. The applicable interest rate for the 
investment is 10 per cent and the tax rate 50 cents in the 
Rand. Inflation over this period is expected to average 12 
per cent per annum and will apply to both maintenance and re-
placement costs. 
The t\-70 types of floor coverings under consideration are: -
(a) Vinyl flooring at an initial cost of R8.00 per square 
metre and an anticipated life of fifteen years. Main-
tenance costs are expected to be 90 cents per square 
metre per annum while a premium of 50 per cent will be 
placed on replacement costs for taking up existing 
flooring, disruption, etc. 
(b) Carpeting at an init~al cost of Rl5.00 per square metre 
and a life expectancy of nine years. Maintenance costs 
are calculated a t Rl.20 per square metre per annum with 
a 10 per cent premium on replacement costs. 
VINYL FLOORING 
Initial Costs R8 000.00 
Replacement Cost Premium 50 per cen~ 
A. NO ALLO\.JANCE FOR INCOME TAX OR INFLATION 
Replacemen t costs every 15 years 
Replacement cost premium = 50 per cent 
P V of R8 000.00 in year 0 8 000.00 
c/f8 000.00 
53. 
b/f 8 000.00 
P V of R8 000.00 (1 + 0,5) in year 15 
= 12 000 2 872.70 
(1 + 0,10)15 
P V of R8 000.00 (1 + 0,5) in year 30 
= 12 000 
(1 + 0,10) 30 
Annual Maintenance Costs 
P V of R900.00 per annum for 40 years 
= 900 [ (1 + , 10) 40 - 1] 
,10(1 + ,10) 40 J 
Total Present Value 
=================== 
B. ALLOWANCE FOR INFLATION ONLY 
Replacement costs every 15 years 
P V of R8 000.00 in year 0 
P V of R8 000.00 (1 + ,05) in year 15 
= 12 000 [1 + ,12] 15 
1 + ,10 
P V of R8 000.00 (1 + ,05) in year 30 
= 12 000 [1 + ,12,~0 
1 + , 1oJ 
Annual Maintenance Costs 
A = 900 





. II 6 
II 7 
II 8 
[1 + '12.1 






















1 002 . 75 
1 020.99 
J. 039 .55 
52 142. 23 
54. 
b/f 52 142.23 
P V of R900.00 in year 9 = A9 1 058.45 
II 10 = AlO 1 077.70 
II 11 = All 1 097.29 
II 12 = A12 1 117.24 
II 13 = Al3 1 137. 55 
II 14 = All~ 1 158.24 
II 15 = Al5 1 179.30 
II 16 = Al6 1 200.74 
II 17 = Al7 1 222.57 
II 18 = Al8 1 244.80 
II 19 = Al9 1 267.43 
" 20 = A20 1 290.47 
II 21 = A21 1 313.94 
II 22 = A22 1 337.83 
II 23 = A23 1 362.15 
II 24 = A24 1 386.92 
" 25 = A25 1 412.13 
" 26 = A26 1 437.81 
" 27 = A27 1 463.95 
II 28 = A28 1 490.57 
II 29 = A29 1 517.67 
II 30 = A30 1 545.26 
II 31 = A31 1 573.36 
II 32 = A32 1 601.97 
II 33 = A33 1 631.09 
II 34 = A34 1 660.75 
II 35 = A35 1 690.94 
II 36 = A36 1 721.69 
a 37 = A37 1 752.99 
II 38 = A38 1 784.86 
" 39 = A39 1 817.32 
II 40 = A40 1 850.36 
Total Present Value R97 547 . .57 
=================== ========== 
For the sake of clarity the mechanics of repetitive calcu-
lations, although obviously computed,have not been illustrated 
in the following examples . In such cas es the calculations 
referring to the start and end periods only have been shown. 
C. .ALLOWANCE FOR INCOME TAX ONLY 
Income tax r ate 50 per cent 
b = i (1 - t) 
= ,10 (1 - , 5) 
= ,05 
Replacement Cos ts ever y 15 years 
For the purposes of this exercise replacement costs 
shall be deemed to be of a capital nature and not sub-
ject to tax allowances. 
P V of R8000.00 in year 0 
P V of R8 000.00 (1 + 0,5) in year 15 
= 12 000 
(1 + ,05) 15 
P V of R8 000.00 (1 + 0,5) in year 30 
= 12 000 
(1 + ,05) 30 
Annual Maintenance Costs 




= 900[(1 + 0,05)40_1](1-,5) 
,o5(1 + ,o5) 40j 7 721.59 
Total Present Value 
=================== 
D. ALLOWANCE FOR INCOME TAX AND INFLATION 
Replacement Cos ts every 15 years 
P V of R8 000.00 in year 0 
P V of R8 000.00 (1 + 0,5) in year 15 
= 12 ooo r~15 
h + ,o~ 
P V of RB 000.00 (1 + 0,5) in year 30 
= 12 000 (1 + ,12~30 
1 + ,o~ 
Annual Maintenance Costs 
c = 900 p + ,12] (1-,5) 









P V of R900.00 in year 1 = cl. 
II 2 = c2 
II 3 = c3 
II 4 = c4 
Years 5 to 38 not illustrated 
P V of R900.00 in year 39 = c39 
II 40 = c4o 
Total Present Value 
=================== 
CARPETING 
Initial Costs - Rl5 000.00 
Replacement Cost Premium - 10 per cent 
A. NO ALLO\vANCE FOR INCOME TAX OR INFLATION 
Replacement Costs every 9 years 
P V of Rl5 000.00 in year 0 
P V of Rl5 000.00 (1 + 0,10) in year 9 
= 16 500 
(1 + ,10)9 
P V of Rl5 000.00 (1 + 0,10) in year 18 
= 16 500 
(1 + ,10) 18 
P V of Rl5 000.00 (1 + 0,10) in year 27 
= 16 500 
(1 + ,10) 27 
P V of Rl5 000.00 (1 + 0,10) in year 36 
= 16 500 
(1 + ,10)36 
Annual Haintenance Costs 
P V of Rl 200.00 per annum for 40 years 
:: 1200 [(1 + , 10)40 -1] 
,10(1 + ,10) 40 




















B. ALLOl.JANCE FOR INFLATION ONLY 
Rep1a.cement Costs every 9 years 
P V of R15 000. 00 i n year 0 
P V of R15 000 . 00 (1 + 0,10) in year 9 
= 16 500 f.l + ,12] 9 
l1 + ,1~ 
P V of Rl5 000.00 (1 + ·0,10) i n year 18 
= 16 500 [1 + '12118 
1 + , lOj 
P V of R15 000.00 (1 + 0,10) 
= 16 500 G 
in year 27 
+ '12] 27 
+ ,lOJ 
P V of R15 000.00 (1 + 0,10) in year 36 
= 16 500 [1 + '12_136 
1 + ,lOj 
Annual Maintenance Cos ts 
B = 1 200 f.l + '12~ 
l1 + ,lOj 















P V of Rl 200.00 in year 39 = B39 
" 40 = B40 
Total Present Value 
=================== 
C. ALLOW/I.NCE FOR I NCOME TAX ONLY 
Replacement Cos ts every 9 years 
P V of R15 000.00 in year 0 
P V of Rl5 000.00 (1 + 0,10) in year 9 
= 16 500 

















25 636 .05 
58. 
b/f 
P V of Rl5 000.00 (1 + 0,10) in year 18 
= 16 500 
(1 + ,05) 18 
P V of Rl5 000.00 (1 + 0,10) in year 27 
= 16 500 
(1 + ,05) 27 
P V of Rl5 000.00 (1 + 0,10) in year 36 
= 16 500 
(1 + ,05) 36 
Annual Maintenance Costs 
P V of Rl 200.00 per annum for 40 years 
= 1 2001(1 + ,05)40 - 1] (1 - 0,5) 
,05(1 + ,05) 40 









The above makes no allowance for depreciation that may 
be granted by the Receiver on the initial cost of 
carpeting. Tax relief has been calculated on the 
straight line method in order to prevent laborious 
arithmetic calculations, but the principles and pro-
cedures to be adopted would also apply to the declining 
balance method . 
Tax allowance for depreciation 
Initial cost of carpeting Rl5 000.00 
Depreciation per annum for first 9 year 
period 
P V of Rl 666.67 per annum for 9 years 
= 1 666.67[(1 + ,05) 9-1 l· ,5 
,05(1 + ,05)9 J 
Cost of carpeting after 9 years - Rl6 500.00 
Depreciation per annum for second 9 year 
period 
- R 1 833.33 
Rl 666.67 
5 923.20 
c/f R5 923.20 
59. 
b/f R5 923.20 
P V of Rl 833.33 per annum for 9 years 
after year 9 
= 1 833.33 [<1 + ,05) 9_11~ 1 ] ,, 5 4 199.94 
,05(1 + ,o5)9 (1 + ,o5)9 
P V of R1 833.33 per annum for 9 years 
after year 18 
= 1 833.33 e. ,05) 9-1ij~ 1 1 ,5 2 707.32 05(1 + ,os) 9 (1 + ,o~8 
P V of R1 833.33 per annum for 9 years 
after year 27 
= 1 833.33 ~1 + ,05)9-lJ[ 1 1 ,5 1 745.16 
05(1 + ,05)9 (1 + ,05) 27 
P V of R1 833.33 per annum for 4 years 
after year 36 
= 1 833.33 [<1 + ,05)4-1 J~ 1 ] ,5 561.21 
,05(1 + ,05)4 (1 + ,05) 36 
Total depreciation R15 136.83 
================== ========== 
Note: Although the carpeting was not fully depreciated 
by year 40, it is assumed that no further tax allowance 
will be granted by the Receiver. 
Present value of carpeting with no depreciation 
allowance 
Tax depreciation allowance 
Present value of carpeting after tax 
depreciation 
==================================== 
D. ALLOWANCE FOR INCOME TAX AND INFLATION 
Replacement Costs eve~/ 9 years 
P V of Rl5 000.00 in year 0 
P V of Rl5 000.00 (1 + 0,10) in 











29 491+. 60 
44 494.60 
60. 
P V of R15 000.00 
P V of R15 000.00 
P V of R15 000.00 
b/f 
(1 + 0,10) in year 18 
= 16 500 tl + 12118 
1 + :osJ 
(1 + 0,10) in year 27 
= 16 500 G + ,12r7 
+ ,05 
(1 + 0,10) 
= 16 500 
in year 36 
f.! + '12]36 
u + ,05 
Annual Maintenance Costs 
D = 1 200 e + ,12J (1 - 0,5) 
1 + ,05 
P V of Rl 200.00 in year 1 = Dl 
II 2 = D2 
II 3 = D3 
II 4 = D4 
Years 5 to 38 not illustrated 
P V of Rl 200.00 in year 39 = D39 
II 40 = iJ40 
Total Present Value 
=================== 
Tax allowance for depreci a tion 
Initial cost of carpeting Rl5 000.00 
Depreciation per annum for first 9 year 
period 
R 1 666.67 
P V of Rl 666.67 for 9 years 
= 1 666.67 r_ <1 + ,o5)9-1}1 
~05(1 + ,05) ~ 
Cost of carpeting after 9 years 
- 0,5) 
1 650 (1 + ,12)9 = R45 755.80 
Depreciation per annum for second 9 year 
period 
= R 5 083.98 
c/f 
















~ V of R5 083.98 per annum for 9 years 
after year 9 
5 923.20 
= 5083.98 [(1 + ,05)9-ll[ 1 ] ,5 11 646.80 
,o5(1 + ,o5)9j (1 + ,o5)9 
Cost of carpeting after 18 years 
16 500 (1 + ,12) 18 - R126 884.44 
Depreciation per annum for third nine year 
period 
R 14 098.27 
P V of Rl4 098.27 per annum for 9 years 
after year 18 
= 14 098.27L(l + ,05) 9-1 1r 1 ] 
l,o5(1 + ,OS)J~l + ,05) 18 
Cost of carpeting after 27 years 
16 500 (1 + ,12) 27 - R351 860.53 
Depreciation per annum for fourth 9 year 
period 
R 39 095.61 
P V of R39 095.61 per annum for 9 years 
after year 27 
=39095.61fC1+ ~05)9-ll[ 1 ] 
~05(1 + ,OS)~ (1 + ,05) 27 
Cost of carpeting after 36 years 
16 500 (1 + ,12) 36 - R975 736.97 
Depreciation per annum for fifth 9 year 
period 
Rl08 415.22 
P V of R108 415.22 per annum for 
after year 36 
4 years 
,5 20 819.24 
,5 37 215.46 
= 108 415.22 r(l + ,05) 4-llr 
~05(1 + ,05)~kl + 




Present value of carpeting with no de-
preciation allowance •. • , •• , ••••.• , •• , • , , . , 
Tax depreciation allowance 







R368 426 . 66 
============== 
62. 
S U r1 M A R Y 
1. Present values with no 
allowance for income 
tax or inflation 
2. Present values with allow-
ance for inflation only 
3. Present values with allow-
ance for income tax 
only 
4. Ditto with tax allowance 
for depreciat ion 
5. Present v alues with allow-
ances for income tax 
and inflation 
6. Ditto with tax allowance 
for depreciation 
Vinyl Tiles Carpeting 
R 20 361.55 R 38 492. 48 
R 97 547.57 Rl86 589 .76 
R 24 270.33 R 50 055.9 4 
R 24 270.33 R 34 919.11 
R210 745.02 R477 219.05 
R210 745.02 R368 426.66 
In all the methods under consideration vinyl tiles appear 
to be the most economic choice and would seem to confirm 
the belief of those who assert that it is unnecessary to 
take taxation and inflation into account in economic 
studies of this nature. However, let us examine the re-
sults_when 'Econo' carpeting is used costing RlO.OO per 
square metre initially and having a life expectancy of 
ten instead of nine years. 
63. 
I n order to simplify the · calcula tions it is assumed that 
a lthough a che aper product is use d the ma intena nce costs 
for 'Econo ' c arpeting will be equivalent to t he mai nte-
n ance c osts for the more expe nsive carpeting. 
' ECONO ' CARPETING 
A. NO ALLOWANCE FOR INCOME TAX OR INFLATION 
Rep l acement Costs every 10 years 
P V of RlO 000. 00 in year 0 
P V of RlO 000.00 (1 + 0 ,10) in year 10 
= 11 000 
(1 + ,10)10 
P V of RlO 000 . 00 (1 + 0,10) in year 20 
= 11 000 
(1 + ,10) 20 
P V of RlO 000.00 (1 + 0 , 10) in year 30 
= 11 000 
(1 + '10) 30 
· ·Annual Mai nt enance Costs 
As previously calculated 
Tota l pres ent value 
=================== 
B. ALLOWANCE FOR INFLATION ONLY 
Repl acement Costs ever y 10 years 
P V of RlO 000.00 in year 0 
P V of RlO 000.00 (1 + 0,10) in year 10 
= 11 000 [1 + ,12] 10 
1 + , 1oJ 
P V of RlO 000. 00 (1 + 0,10) in year 20 
= 11 000 f-1 + 12 ro 
L1 + , 1o 
c/f 
10 000 . 00 
L} 240.98 







15 7'72. 46 
38 944.29 
64. 
P V of RlO 000 . 00 (1 + 0,10) 
= 11 000 B 
Annual Maintenance Costs 
As previously calculated 
Total pres ent value 
=================== 
C. ALLOWANCE FOR I NCOME TAX ONLY 
Replacement Costs every 10 years 
P V of RlO 000.00 in year 0 
b/f 
~n year 30 
+ ,12] 30 
+,1oJ 
P V of RlO 000.00 (1 + 0,10) in year 10 
= 11 000 
(1 + ,05) 10 
P V of RlO 000.00 (1 + 0,10) in year 20 
= 11 000 
(1 + ,05) 20 
P V of RlO 000.00 (1 + 0,10) in year 30 
= 11 000 
(1 + ,OS) 30 
Annual Maintenance Costs 
As previously calculated 
Total present value 
=================== 
Tax allowance for depreciation 
Initial cost of carpeting - RlO 000.00 
Depreciation per annum for first 10 year 
period 
R 1 000.00 
P V of Rl 000.00 per annum for 10 years 
= 1 000 [(1 + ,05) 
10
-1] (1 - 0,5) 














c/f 3 860.87 
65. 
b/f 
Cos t of carpeting after 10 years - Rll 000.00 
Depreciation per annum for second 10 year 
period 
- R 1 100.00 
P V of Rl 100.00 per annum for 10 years 
after year 10 
= Rl 100.00 r. (1 + ,05) lO_I] [ __ 1_~~ 
Lo5(1 + ,o5) 10j (1 + 
P V of Rl 100.00 per annum for. 10 years 
after year 20 
3 860.87 
2 607.26 
= Rl 1oo.oo [ (1 + ,o5) 
10
-1] [ 1 IC1-,5) 
,05 (1 + ,05) 10 (1 + ,05) 
20 1 600.63 
P V of Rl 100.00 per annum for 10 years 
after year 30 
= R1 100.00[ (1 + ,05)
10
-1] [ _: 1 . 1(1- .5) 982.65 
,05 (1 + ,05) 10 (1 
Total depreciation R9 051.41 
================== ========= 
Present value of carpeting with no - depreciation 
allowance 
Tax depreciation allowance 
Present value of carpeting after tax 
depreciation 
==================================== 
D. ALLOHANCE FOR I NCOME TAX AND I NFLATION 
Replacement Costs every 10 years 
P V of R10 000.00 in year 0 
P V of R10 000.00 (1 + 0,10) in year 10 
== 11 000 l1 + , 12]
10 
1 + ,05 
P V of R10 000.00 (1 + 0,10) in year 20 
== 11 000 [ 1 + , 12]
20 









70 965 .39 
66. 
b/f 
P V of RlO 000.00 (1 + 0,10) in year 30 
= 11 000 [1 + )12]30 
1 + ,05 
Annual Maintenance Costs 
As previously calculated 
Total present value 
===============~=== 
Tax allowance for depreciation 
Initial cost of carpeting - RlO 000.00 
Depreciation per annum for first 10 year 
period 
- R 1 000.00 
P V of Rl 000.00 per annum for 10 years 
= 11 000[ (1 + ,05) 10-1],5 
,05(1 + ,05) 10 
Cost of carpeting after 10 years 
11 000 (1 + ,12) 10 - R34 164.33 
Depreciation per annum for second 10 year 
period 
- R 3 416.43 
P V of R3 416.43 per annum for 10 years 
after year 10 
= R3 416.43 [<1 + ,05) 10-l]f 1 15 
,05(1 + ,05)
10
Jkl + ,05) 1~ 
Cost of carpet ing after 20 years 
11 000 (1 + ,12) 20 - R106 109.22 
Depreciation per annum for third 10 year 
period 
R10 610.92 
P V of RlO 610.92 per annum for 10 years 
after year 20 
= RlO 610. 92[(1 + ,05) 10-1 ~H 
,05(1 + ,05) 10Jkl 
_1 __ 1~5 
+ ,05) 2~ 
c/f 
70 965 .39 










Cost of carpeting after 30 ye ars 
11 000 (1 + ,12) 30 - R329 559.14 
Depreciation per annum for fou:J;"th 10 year 
period 
- R 32 955.91 
P V of R32 955.91 per annum for 10 years 
after year 30 
= R32 955.91 [(1 + ,05) 10-1~~ l ]'5 
,05(1 + ,05) 10 (1 + ,05) 30 
Total depreciation 
================== 
Present value of carpeting with no depreciation 
allowance ................................. 
Tax depreciation allowance 
Present value of carpeting after tax 
depreciation .............................. 
==================================== 










Vinyl Tiles Carpeting Econo Carpeting 
1. Present values 
with no allow-
ance for income 
tax or in-
flation 




3. Present values 
with allmvance 
for income tax 
only 
4. Ditto vli th tax 
allowance for 
depreciat ion 
R 20 361.55 R 38 492.48 R 28 241.31 
R 97 547.57 Rl86 589.76 Rl28 790.99 
R 24 270.33 R 50 055.94 R 33 739.43 
R 24 270.33 R 34 919.11 R 24 688.02 
5. Present values 
with allowances 
for income tax 
68. 
Vinyl Tiles Ca rpeting Econo Carpeting 
and inflation R210 745.02 R477 219.05 R264 505.82 
6. Ditto with tax 
allowance for 
depreciation R210 745 .02 R368 426.66 R207 666.92 
Although, under all conditions, carpeting has a total cost 
far in excess of vinyl tiles, 'Econo' carpeting appears the 
most economic solution when the effects of income tax and 
inflation are considered. Apart from demonstrating the 
necessity for using accurate and realistic cost data and 
interest rates, it also confirmsthat unless the user ~s 
positive that future price changes and income tax will 
affect all transactions equally and as such make no differ-
ence to the choice of alternatives, then they must be in-
cluded in life cycle cost studies. This is again demon-
strated in the following example. 
EXAMPLE 25 
A residential building has an external facade area of 150 
square metres. The Client requires a life cycle cost analysis 
over the estimated life of forty years at a discount rate of 
12 per cent. The n~o materials under consideration are 
facings at an initial cost of RS.OO per square metre and plaster 
and paint costing R3.30 per square metre. The estimated main-
tenance expenses, at today's rates, are repainting facings 
every ten years at a cost of R2.50 per square metre, and painting 
and patching plaster every three years at a cost of Rl.25. 
Escalation of costs is assumed to average 10 per cent per annum 
and income tax 50 per cent. Which is the most economic material 
to use considering that the property is to be built for letting 
purposes and as such company tax procedures will apply? 
69 . 
FACINGS 
A. NO ALLOWANCE FOR INFLATION OR INCOME TAX 
Ini tial cost 
150 square metres at RS.OO 
Maintenance costs 
Costs at today 's r ates - 150 square metres 
at R2.50 
P V of R375.00 in year 10 
P V of R375.00 in year 20 
P V of R375.00 in year 30 
Total Present Value 
=================== 
B. ALLOHANCE FOR INFLATION ONLY 
Initial cost 
150 square metres at R5.00 
Maintenance costs 
P V of R375.00 in year 10 
= 375 
P V of R375.00 in year 20 
= 375 
P V of R375.00 in year 30 
= 375 




(1 + '12) 10 
375 --
(1 + ,12)20 
375 --
(1 + '12) 30 
[1 + 'lo]
10 
1 + t12 
f.l + '10]20 
b + ,12 
[1 + '10] 30 














C. ALLOWANCE FOR INCOME TAX ONLY 
Initial cost 
150 Square metres at R5.00 750.00 
Maintenance costs 
P V of R375 .00 in year 10 I 375 ~ 
(1 + ,06)10 
,5 104.70 
P V of R375.00 in year 20 [ 375 j 
(1 + ,06) 20 
,5 58.46 
P V of R375.00 in year 30 
[ 375 ~ 
(1 + ,06) 30 
, 5 32.65 
Total Present Value R945.81 
=================== ======== 
D. ALLOWANCE FOR INCOME TAX AND INFLATION 
Init ial cost 
150 Square metres at 5.00 750.00 
Maintenance costs 
P V of R375.00 in year 10 
= 375 f 1 + ,lOra ,5 271.56 1 + ,06 
P V of R375.00 in year 20 
= 375 [ .1 + ,lOra ,5 393.31 1 + ,06 
P V of R375.00 in year 30 
= 375 [ 1 + ,lOra ,5 569.65 1 + ,06 
Total Present Value Rl 984.52 
=================== =~======= 
71. 
PLASTER AND PAINT 
A. NO ALLOWANCE FOR INCOME TAX OR INFLATION 
Ini tial cost 
150 Square me tres at R3.00 450 .00 
Maintenance costs 
Costs at today's rates - 150 Square metres 
at Rl.25 - Rl87. 50 
P V of Rl87.50 in year 3 187 . 50 133 .46 
(1 + '12) 3 
P V of Rl87.50 in year 6 187 . 50 94.99 
(1 + ,12)6 
P V of Rl87.50 in year 9 187.50 67.61 
(1 + ,12)9 
P V of Rl87.50 in year 12 187.50 48.13 
(1 + ,12)12 
P V of Rl87.50 in year 15 187.50 34.26 
(1 + ,12) 15 
P V of Rl87.50 in year 18 187.50 24.38 
(1 + ,12) 18 
P V of Rl87.50 in year 21 187.50 17.35 
(1 + ,12) 21 
P V of Rl87.50 in year 24 187.50 12.35 
(1 + ,12) 24 
P V of Rl87.50 in year 27 187.50 8.79 
(1 + ,12) 27 
P V of R187.50 in ' year 30 187.50 6.26 
(1 + '12)3° 
P V of Rl87.50 in year 33 187.50 4.45 
(1 + ,12)33 
P V of Rl87.50 in year 36 187.50 3.17 
(1 + ,12) 36 
P V of Rl87.50 in year 39 187.50 2.26 
(1 + '12) 39 
Total Pres ent Value R907 , lf6 
=================== ======== 
7 2 . 
B. ALLOWANCE FOR I NFLATION ONLY 
I nitial cost 
150 Square me tres at R3 .00 
Maintenance costs 
B 187 .50 
[ 
l + ' 10 ] 
1 + , 12 








Years 12 to 33 not illustrated 
P V of Rl 87. 50 in year 36 = 
" 39 = 
Total Present Value 
=================== 
c. ALLm.JANCE FOR INCOME TAX ONLY 
Ini t i a l cos t 
150 Square metres at R3.00 
Maintenance costs 
P V of R187 . 50 in year 3 = 
" 6 = 
" 9 = 
Years 12 to 33 not illustrated 
P V of Rl87.50 in year 36 = 
II 39 = 







[ 187.50 ] 
(1 + ,06) 3 
[ 187.50 ] 
(1 + ,06)6 
[ 187.50 J 
(1 + ,06) 9 
~ 187.50 ] 
(1 + ,o6}36 
[ 187.50 J 






















- - - -----
73. 
D. ALLOHANCE FOR INCOME TAX AND INFLATION 
Initial cost 
150 Square metres at R3.00 
Maintenance costs 
c = 187.50 [ 1 + ,10] 
1 + ,06 
P V of Rl87.50 in year 3 = c3 (i - 0,5) 
II 6 = c6 (1 - 0,5) 
II 9 = c9 (1 - 0,5) 
Years 12 to 33 not illustrated 
P V of Rl87.50 in year 36 c36 (1 - o,5) 







Total Present Value R3 338.29 
=================== 
SUMMARY 
1. No allowance for inflation 
or income tax 
2. Allowance for inflation 
only 
~ 
3. Allowance for income tax 
only 




Facings Plaster and 
Paint 
R 922.14 R 907.46 
Rl 543.11 R2 153.94 
R 945.81 R 890.20 
Rl 984.52 R3 338.29 
Considering the same problem but subs tituting 10 per cent 
for the interest rate and 12 per cent for the inflation rate 
the effects on the results would not be inconsiderable. 
74. 
FACINGS 
A. NO ALLOWANCE FOR INFLATION OR INCOllli TAX 
Initia l cost 
150 Square me tres at R5.00 
Main tenance Cos t s 
P V of R375.00 in year 10 
P V of R375.00 in year 20 
P V of R375.00 in year 30 
Total Present Value 
=================== 
B. ALLO\vANCE FOR INFLATION ONLY 
Initial cost 
150 Square metres at R5.00 
Maintenance costs 
P V of R375.00 in year 10 
= 375 
P V of R375.00 in year 20 
375 
P V of R375.00 in year 30 
= 375 
Total Present Value 
==================~ 
C. ALLOWANCE FOR I NCOHE TAX ONLY 
Initial costs 





(1 + ,10)10 
375 
(1 + ,10) 20 
375 








1 + ,10 
[ 
1 + '12]30 




















375 J (1-,5) 
.<1 + ,05) 10 
P V of R375.00 in year 10 
r _ 375 ] (1-,5) 
~1 + ,05) 20 
P V of R375.00 in year 20 
P V of R375.00 in year 30 r 375 ](1-,5) 
~1 + ,05) 30 
Total Present Value 
=================== 
D. ALLOWANCE FOR INCOME TAX AND INFLATION 
Initial cost 
150 Square metres at RS.OO 
Maintenance costs 
P V of R375.00 in year 10 
= 375 
P V of R375.00 in year 20 
= 375 
P V of R375.00 in year 30 
= 375 
Total Present Value 
=================== 










1 + ,05 
[
1 + ,12] 30 (1-,5) 
1 + ,05 . 
A. NO ALLO\.JANCE FOR INCOME TAX OR INFLATION 
Initial cost 


















P V of Rl87.50 in year 3 
P V of Rl87.50 in year 6 
P V of Rl87.50 in year 9 
b/f 
187.50 
(1 + ,10) 3 
187.50 
(1 + ,10) 6 
187.50 
(1 + ,10)9 
Years 12 to 33 not illustrated 
P V of Rl87.50 in year 36 
P V of Rl87.50 in year 39 
Total Present Value 
=~================= 
B. ALLm.JANCE FOR INFLATION ONLY 
Initial cost 
150 Square metres at R3.00 
Maintenance costs 
D = 187.50 e + .12J 
1 + ,10 




'(1 + '10~6 
187.50 




Years 12 to 33 not illustrated 
P V of Rl87.50 in year 36 = D36 
" 39 = n39 
Total Present Value 
=================== 
C. ALLOWANCE FOR INCOME TAX ONLY 
Initial cost 
150 Square metres at R3.00 
Maintenance costs 
P V of Rl87.50 in year 3 
[ 
187.50 }1-,5) 























P V of Rl87.50 in year 6 
[ 
187.50 ](1-,5) 
(1 + ,05) 6 
II 9 f_!§7.50 ](1-,5) 
LCI + ,05)9 
Years 12 to 33 not illustrated 
P V of R187.50 in year 36 [ 187.50 1<1-,5) 
(1 + ,05)3~ . 
II 39 [ 187.50 1(1-,5) 
(1 + ,05) 39j 
Total Present Value 
=================== 
D. ALLOWANCE FOR INCOME TAX AND INFLATION 
Initial costs 
150 Square metres at R3.00 
r1+,12l 
Maintenance costs E = 187.50 Ll+ ,05] 
P V of Rl87.50 in year 3 = E3 
II 6 = E6 
It 9 = E9 
Years 12 to 33 not illustrated 
P V of R187.50 in year 36 = E36 
It 39 = E39 
























Interest rate 12 % Interest rate 10 % 
1. No allowance 
for inflation 
Inflation rate 10% 
Facings Plaster 
& Paint 
Inflation rate 12% 
Facings Plaster 
& Paint 
or income tax R 922.14 R 907.46 R 971.81 Rl 002.71 
78. 
Present Values 
2. Allowance for 
Interest r a te 12 % 
Inflation r a te 10% 
Facings Plaster 
& Paint 
inflation only Rl 543.11 R2 153.94 
3. Allowance for 
--- · 
Interes t rate 10% 
Inflation rate 12% 
Facings Plaster 
& Paint 
R2 380.60 R4 081.82 
income tax only R 945.81 R 890.20 R 979.16 R 956.06 
4. Allowance for 
income tax and 
inflation Rl 984.52 R3 338.29 R3 088.94 R6 516.97 
By increasing the inflation rate and decreasing the interest 
rate the future costs assume greater significance by virtue 
of the fact that their present values are increased. In the 
above example, plaster and paint have greater maintenance 
costs and, hence, a higher proportion of future costs will 
be severely affected by the high inflation rate. The effects 
of interest rates on life cycle cost studies and on building 
economics generally will be discussed in greater depth in 
following chapters. 
79. 
C H A P T E R 5 
THE ANNUAL EQUIVALENT METHOD OF COMPARISON 
GENERAL 
The basis of the annual equivalent method of comparison 
is to convert all costs into a series of uniform cash 
flows in order that comparisons with alternative possi-
bilities can be achieved. There is no implication that 
the payments will be made in such a manner but merely t he 
provision of a method of measurement of each alternative. 
The alternative with the lowest annual equivalent cost is 
obviously the more economic solution. 
The annual equivalent method comprises two elements, viz: 
1. Interest on capital invested, and 
2. Recovery of capital on investments vlith limited lives, 
i.e. the sinking fund concept. 
For instance, the annual equivalent cost of a machine 
costing RlO 000.00 and lasting five years, if interest is 
taken to be 10 per cent, will be:-
80. 
Interest on Capital Investment 
RlO 000.00 at 10 per cent 
Annual Sinking Fund to realise RlO 000.00 
after 5 years if invested at 10 per cent 
PMT = s r i ] 
l<l + i)n- 1 
[ 
, 10 J 
(1 + ,lo)s-1 
10 000 = 
Annual Equivalent Cost 
====================== 




We have already 
P(l + i)n for S 
seen that S = P(l + i)n and so substituting 
the above formula can be stated as:-
P(l + i)nl i ] 
(1 + i)n - 1 
PMT = 
PMT = P [i ( 1 + i) n ] 
(1 + i) n - 1 
which will give the annual interest on the principal plus 
the yearly amount needed to invest in a sinking fund. The 
formula for the present value of a series of uniform pay-
ments is:-
p = PMT [(1 + i)n- 1] 
i(l + i)n 
p [i(1 + i)n ] 
(1 + i)n - 1 
•• PMT = 
which represents the formula for the annual equivalent of a 
present value. Converting from one method to another is 
thus an easily achieved task. Both methods, therefore, 
allow . for the recovery of capital. 
Another method of computing the annual equivalent cost is 
by the 'Capital Recovery with a Rate-of-Return Method'. In 
this concept interest is earned only on the declining balance, 
i.e. similar to the payment of instalments on a house mortgage. 
As such the annual payments of R2 637.97 on an initial cost of 
RlO 000.00 would be expressed as follows:-
81. 
Capital Investment 10 000.00 
Interest at 10% for year 1 1 000.00 
Balance at end of year 1 11 000.00 
Repayment at end of year 1 2 637.97 
Balance at start of year 2 8 362.03 
Interest at 10% for year 2 836 .20 
Balance at end of y ear 2 9 198.23 
Repayment at end of year 2 2 637 .9 7 
Balance at start of year 3 6 560.26 
Interes t at 10% for year 3 656.02 
Balance at end of year 3 7 216.28 
Repayment at end of year 3 2 637.97 
Balance at start of year 4 4 578.31 
Interest at 10% for year 4 457 .8 3 
Balance at end of year 4 5 036.14 
Repayment at end of year 4 2 637.97 
Balance at start of year 5 2 398.17 
Interest at 10% for year 5 239.81 
Balance at end of year 5 2 637.98 
Repayment at end of year 5 2 637 .9 7 
Balance at start of year 6 R Nil 
========= 
The sinking fund method concept is the method which shall 
be discussed in this document. 
Since. the annual equivalent method allows for the recovery 
of capital, ad justments have to be made to the calculation 
where there is no expiry of the capital sum, i.e. the asset 
will have a residual value. If the machine, in the above 
example, had a residual value of R2 000.00 at the end of 
the five year life then a sinking fund need not be set up 
for the full amount. 
82. 
The inves·tment vwuld be considered in b 1o parts, ·the first 
part being the R8 000.00 which requires annual interest 
plus an amount to amortise the depreciating valu e of the 
asset . The second part amounts to R2 000.00 and , because 
there is no capital sum disappearance, need be calculated 
on an interest only basis. 




i(l + i)n ] 
(1 + i)n - 1 
so that if R = Residual value, the formula can be altered 
to read :-
PMT = (P - R) [i ( 1 + i) n J + Ri 
(1 + i) n_ 1 
which wil l calculate interest and redempt ion on the de-
preciating element of the investment and interest only on 
the portion that requires no capital recovery. 
The annual equivalent cost of the machine in the example 
referred to earlier amounts to R2 637.97. This was cal-
culated on the basis of the investment realising no residual 
value at the expiry of the five year term. Assuming a 
residual value of R2 000.00 then the problem could be solved 
in the following manner:-
Interest of Capital Inves t ment 
RlO 000.00 at 10% 
Annual Sinking Fund to realise R8 000.00 
(RlO 000.00 less R2 000.00) after 5 years 
if invested at 10% 
8 000 [ , 10 ] 
(1 + , 10) 5 - 1 
PMT = 











(P - R) f i ( 1 + i) n l + Ri 
l (1 + i) n - 1J 
10 000 - 2 000 [' 10 ( 1 + 1 10) 5 ~ ( 2 000 X r 10) 
{ 1 + 1 10) 5- 1j 
= R2 310.3 8 
As in the case of the present value method if valid com-
parisons are to be made the life cycle must first be 
determined. 
THE ANNUAL EQUIVALENT METHOD OF COMPARISON AND LIFE CYCLE 
COST ANALYSIS 
The six basic cos t categories in chapter 1 are referred to 
again. Unless otherwise stated, the method used shall 
include both income tax and inflation imp lications. 
1. Capital Costs 
Costs occurring prior to baseline date are capit-
alised to that point in time. As far as capital 
costs are concerned, the residua l value, if any, 
must be evaluated at this stage since meaningful 
differences could result. Two formulae will 
apply. For those costs having no residual value 
the formula :-
PMT = P [b{l 
(1 
+ b)n ] 
will be used, whereas fo r those investments of a 
capital nature with salvage value upon expiry, 
the relevant formula is :-
PMT = (P- R) rb(l + b)n -]+ Rb · 
l (1 + b)n - 1 
84. 
2. Runnin.9:_Costs 
As these are already in the form of annual costs 
they require no conversion other than tax relief 
adjustments, p rovided inflation is not taken into 
account. \-Jhere increased running expenses due 
to inflation are taken into account in the cal-
culations , each annual cost must be separately 
assessed by calculating the increases envisaged, 
converting them back to a present value and then 
equating them to annual equivalent values. This 
is a cumbersome procedure as can be seen from 
the present value examples in the previous chapter. 
The resultant formulae , with PMT taken to mean 
the annual payment for one year only, is as follows:-
AE = PMT [1 + ~i~ [1 - t] [b (1 + b)(~} J 
1 + bJ (1 + b ) n - 1 
Where AE = Annual Equivalent. 
(1 ) Is the n~~ber of years after which payment 
is to be made 
(2 ) Is the determined life cycle of the 
investment 
3. Maintenance Costs 
As these are periodic costs which have to be 
individually adjusted the formula above will apply. 
The tax depreciation allov1ance, if applicable, can 
be adjusted by one of two methods. After off-
setting the tax relief factor, the computed amounts 
can be deducted from either the present values or 
the annual equivalent values. Whichever method is 
used it will in all probability still require 
conversion to present values except, in the unlikely 
event of depreciation being assessed on a straight 
line basis and coinciding l'li th the determined life 
cycle of the analysis. 
85. 
4. Repair and Replacement Costs 
In the event of costs of this nature constituting 
capital costs, the tax relief factor will fall 
away. The applicable formula for costs of this 
nature will therefore be:-
AE = p 
(I) 
t ~ : :r [ 
(2) 
b(l + b)n ] 
(1 + b)n - 1 
5. Alteration and Improvement Costs 
The formula used in 4 above will apply. 
6. Residual or Salvage Costs 
These costs or values can either be dealt with 
separately or incorporated into the formula as 
previously described. The results in both cases 
will be the same . 
Returning to the previous example involving a machine with 
an initial cost of RlO 000.00, a salvage value of R2 000.00 
and a life expectancy of five years, at an interest rate of 
10 per cent the annual equivalent cost amounted to R2 310.38 
when applying the formula:-
PMT = (p - R) [i(l+i)n ]+Ri 
l (1 + i)n- 1 
Supposing the analysis is solved on the basis of the machine 
having no residual value accounted for in the initial 
operation, adjustment only being made at a later stage in the 
calculations, then the Annual Equivalent Value is computed 
as follows:-
P li(l + i)n ] 
(1 + i)n - 1 
Residual Value after 5 years 
P V of R2 000.00 in year 5 
Annual Equivalent of Rl 241.84 
for 5 years at 10 per cent 
~~~=~g~g~=~~~~~g1~~~=~g1~~ 
= R2 000.00 





One aspect that needs to be considered in ranking exercises 
of this nature is the question of maintenance and capital 
costs . Generally speaking high initial costs, based on 
wise material selection or design, will reduce maintenance 
costs . Limited financial resources may, however, preclude 
high initial costs even though a life cycle cost exercise 
favours · this as the more economic total cost solution. 
Limited or short life buildings may also favour cheaper 
initial cost although this factor should be highlighted 
during the appraisal process. 
EXM'.iPLE 2 6 
The problem used in example 25 will be used to illustrate 
the annual equivalent method of comparison. Interest rate 
will be 12 per cent, inflation rate 10 per cent and income 
tax 50 per cent. 
(a) Facings (Allowance for income tax an.d inflation) 
Initial Costs 
150 Square metres at R5.00 R750.00 
A E of R750.00 over 40 years at 12% 
750 f,o6 (1 + ,o6) 40 J 
L(l + ,o6)4o - 1 
Maintenance Costs 
A E of R375.00 in year 10 
;:: 375 [ 1 + ,10] 
10 
(1-0,5) [,06(1 + ,06)
40
] 
1 + ,06 (1 + ,06)4° -1 
A E of R375.00 in year 20 
= 375 ll + ,10]20 (1-0,5) [·06(1 + , 06) 40 ] 
1 + ,06 (1 + ,06)40 - 1 
A E of R375.00 1.n year 30 
= 375 ll + '10] 30 1 + ,06 (1- 0,5) [,06(1 + ~0 6)
40 ] 





Total Annual Equivalent Costs Rl31. 90 
============================= ======= 
87. 
This method can be shortened considerably by converting the 
maintenance costs to present value, summing them and then 
converting to annual equivalent costs. 
(b) Plaster and Paint 
Initial Costs 
150 Square metres at RJ.OO = R450.00 
A E of R450.00 over 40 years at 12% 
450 [ ,06 (1 + !06) 
40 
- ] 
l (1 + ,06) 40 - 1 
Maintenance costs 
c = 187.50 [ 1 + '10 J 
1 + ,06 
P V of R187.50 in year 3 = c3 (1-0,5) 104.77 
. II 6 = c6 (1-0,5) 117.08 
11 9 = c9 (1-0,5) 130.84 
II 12 = cl2(1-0,5) 146.22 
II 15 == c15 (1-0,5) 163.41 
II 18 = c18Cl-o,5) 182.61 
11 21 = c21(1-0,5) 204.08 
II 24 = c24(1-o,5) 228.06 
II 27 = c27(1-o,s) 254.87 
II 30 = c3°(1-0,5) 284.82 
II 33 = c33(1-o,5) 318.30 
II 36 = c 36 (1-0,5) 355.71 





of R2 888.29 over 40 years at 
2 888.29 [06(1 + ,06)40 J 
(1 + ,06)40 - 1 
12% 






To compare with the present value method these annual equivalent 
costs can be conver ted to present values. 
88. 
A. Facings 
P V of Rl31.90 f or 40 years at 12% 
= Rl31. 9o r (1 + ,o6) 4o - 1] l ,06 (1 + ,06) 40 
B. Plaster and Paint 
P V of R221.87 for 40 years at 12% 
R221. 87 [ (1 + ,06) 40_1 ] 




Which is equivalent to, within a few cents, the answers obtained 
in the previous chapter . 
89. 
C H .A.P T E R .. 6 
EQUITY AND BORROWED CAPITAL 
Inherent in both the Present Value Method and the Annual 
Equivalent Method of Comparison is the premise tha·t 
capital may either be borrowed or equity financed, or a 
combination of both provided the interest rates correspond. 
Different rates of interest for equity funds and borrowed 
capital will render diverse results and as such life cycle 
cost studies must comprise 100 per cent financed or 100 
per cent equity funded situations. A further element 
taken into account in these methods is the recovery of 
invested capital less residual value, if any. 
As there seems to be some confusion between equity financed 
and borrowed money situations, especially with regard to 
income tax implications, this aspect will be dealt with in 
some depth. Before proceeding further, clarity must be 
reached on one point, namely that actual 'interest received' 
situations and 'opportunity cost' situations will be iden-
tical as far as economic consequences are concerned. 
If c apital is 100 per cent equity financed there is an 
'opportunity cost' involved on that amount. For instance, 
if Rl 000.00 was invested in a machine with an economic life 
of three years, with no salvage value at the end of that 
period, the annual cost to the investor, if interest is 
calculated at 10 per cent, would be computed as follows:-
90. 
Initial cost of investment Rl 000.00 
Annual interest/opportunity rate at 10% 
Annual investment into a sinking fund to 
recoup wasting asset of Rl 000.00 over 
3 years at 10% 






If the capital amount had to be borrowed on an interest and 
redemption basis at 10 per cent interest then the annual 
costs would remain the same i.e. R402.11 
Initial amount borrowed 
Interest for year 1 on c apital amount 100.00 
Capital redemption for year 1 
Balance at start of year 2 
Interes·t on balance for year 2 
Capital redemption for year 2 
Balance at start of year 3 
Interest on balance for year 3 













With money borrowed on an interest only basis and capital 
redemption at the end of the investment period the results 
would again be unchanged. Interest rates again calculated 
at 10 per cent. 
Annual interest on borrov;ed capital 
Annual investment into a sinking fund to 
repay Rl 000.00 capital at end of 3 years 






If income tax implications are introduced then once again 
all situations will be affecte d. Assuming the same conditions 
apply, but with a t~x rate o f 50 per cent incorporated into 
the calculations , the examples will · agc>.i.n be computed in 
orde r to ascertain whe t her the changes will be equal for all 
studies. 
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The first e x ample comprises a 100 per cent financed 
situation. 
Annual int erest after payme nt of tax 
at 50 p e r cent = RlOO.OO less 50% 
Annual investmen·t into a sinking fund 
to recoup wasting asset of Rl 000.00 
over 3 years at an after tax rate of 5% 






The second example is a 100 per cent borrowed money 
situation on an interest and redemption basis. Income tax 
affects the calculations in the form of tax relief obtained 
on the interest portion of the repayments. 
Year Interest Tax Relief Cost Redemption Total 
--
1 RlOO.OO R50.00 R50.00 R302.11 R352.ll 
2 69.79 34.89 34.90 332.32 367.22 
3 36.56 18.28 18.28 365.55 383.83 
This results in a different cash flovl for each year and in 
its present form cannot be compared with the annual costs of 
the example above. This can be accommodated by converting 
to a present value sum and then re-converting to annual 
equivalent amounts. (5 per cent after tax rate must be used). 
Present value of R352.11 in year 1 = R335.35 
Present value of R367.22 in year 2 = R333.08 
Present value of R383.83 in year 3 = R331.57 
Total present value Rl 000.00 
=================== ========= 
which at 5 per cent interest, after tax, gives an annual 
equivalent value of R367.21. 
92. 
If the interest only is paid on an annual basis a nd 
capital redeemed at t h e end o f t h e i n v e s t ment period , the 
r esul ts obtained are identica l to t h e 100 per cent financed 
e x ample . 
Annu a l interes t on borrowed c apital 
Tax relief b ased on 50 % tax r a t e 
Ne t a nnua l i ntere st cos t 
100.00 
50.00 ---
50 . 00 
Annual inves t ment into a sinkin g fund to 
repay Rl 0 0 0 . 00 c a p i tal at e n d of three 
years at a n after t ax rate of 5 per c e nt 317.21 
Total annua l cost R367.21 
================= ======= 
Because one of the fundamental elements of discounted cash 
flows is the recoup ment o f initial investment capital, 
composite rates c annot be applied when derived from com-
binations of equity and borr owed capital at differing in-
terest rates. Recoupment of capital implies the use o f 
a sinki ng fund. With compound intere st formulae, interest 
rates cannot be averaged and the same result still obta ined. 
An e x treme case is illustrated in order to clarify thi s 
importa nt aspect. 
RlOO 000.00 is a capital investment for a period of ten 
years with an interest rate of 10 per cent. The annual 
equivale nt cost for this investment will be Rl6 274.54. 
If RSO 000.00 of this investment is financed by owner' s 
equity which he calculates at 4 per cent and the rema inder 
is borr owed at 16 per cent, then the composite rate can 
be assume d to be 10 per cent on an interest only basis. 
i.e. RSO 000.00 at 4% = R2 000.00 




which e quals an a v erage o f 10 per c e nt. 
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However, by computing the two elements separately the 
results do not c orrespond when capital redemption is 
t aken into account. 
Annual equivalent o f R50 000 .00 for 10 
years at 4 p er cent 
Annual equivalent of R50 000 .00 for 10 
years at 16 per cent 






The above emphasizes the necessity for assuming 100 per 
cent equity or borrowed money situation and using only 
one interest rate for all calculations. 
94. 
C H A P T E R 7 
THE CHOICE OF INTEREST RATE AND ITS EFFECT ON LIFE CYCLE 
COST ANALYSIS 
The choice of interest rate features prominently in all 
life cycle cost techniques. The applied rate should be 
dictated by the Client who must be consulted and made 
aware of the consequences of hi s decision. Since the 
rate of interest will materially affect the results, 
establishment of the correct interest rate will be 
critical to most appraisals and care should be taken to 
ensure that a realistic and accurate rate is selected. 
Major planning errors and uneconomic use of available re-
sources can often be attributed to incorrect decisions 
based on inadequate knowledge or misunderstanding of the 
effects of interest rates and i nvestment lives on property 
economi cs. 
IN'I'EREST RATES AND PRESENT VALUES 
In order to demonstrate the effects of the choice of in-




\~ich of the following sequences of cash outlays will be 
the most economic at interest rates of 3 per cent, 6 per 
cent and 9 per cent? 
Proiect A - Rl 000.00 today followed by R200.00 
per annum for the next three years 
Project B - Rl 000.00 today followed by RlOO.OO 
for the next two years and Rlfl8. 36 
for the third year 
P R 0 J E C T I At 
TIME AMOUNT INTEREST p v INTEREST p v INTEREST 
RATE . 3% RATE 6% RATE 9% 
0 Rl 000.00 1,000 Rl 000.00 1,000 Rl 000.00 1,000 
1 200.00 ,9709 194.18 ,9434 188.68 '9174 
2 200.00 ,9426 188.52 ,8900 178.00 ,8417 
3 200.00 ,9151 183.02 ,8396 167.92 , 7722 
Rl 600.00 R1 565.72 R1 534.60 
PROJECT 'B' 
TIME AMOUNT INTEREST p v INTEREST p v INTEREST 
RATE 3% RATE 6% RATE 9% 
0 R1 000.00 1,000 R1 000.00 1,000 Rl 000.00 1,000 
1 100.00 ,9709 97.09 , 9434 94.34 ,9174 
2 100.00 ,9426 94.26 ,8900 89.00 ,9417 
3 418.36 , 9151 382.84 ,839 6 351.26 , 7722 
Rl 618.36 Rl 574.19 R1 534.60 














1. When no interest is taken into abcount Project A 
will be the more economic 
2. At a 3 per cent interest rate Proj e ct A will be the 
more economic 
3. A~ 6 per cent interes t rate both projects will cost 
the same 
4. At a 9 per cent interest rate Project A will be the 
more expensive 
The above provides a clear indication of the possible 
effects of the choice of an incorrect interest rate. In 
practice this problem is alleviated to some extent by the 
use of sensitivity analysis which will be considered in 
detail. 
The higher the interest rate the less the present value of 
future amounts. Since the rate of interest depends, 
amongst other factors, upon the current rate of inflation 
interest rates tend to increase as inflation increases,and 
vice versa. Thus for those who advocate the application of 
life cycle costing excluding allowances for inflation absurd 
results can be obtained. This is particularly relevant in 
today's economic climate where interest rates of 14 per cent 
are not unco~mon. 
SENSITIVITY ANALYSIS 
As forecasting is basic t o life cycle cost analysis, assump-
tions have to be made when considering future costs, interest 
rat8s, inflation, etc. It is impossible to anticipate, with 
any degree of certainty, what future changes may occur as a 
result of economic or technological developments. Interest 
rates, for instance, will fluctuate constantly with changing 
economic conditions . 
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This uncertainty is in itsel f no reason to forego in-
telligent fo r eca sts o f future changes, since s e n s ible 
predictions will be b e tter tha n ma king no allowance what-
soeve r. However, since these estimates are subject to 
future change s it will be pruden t to discover whe ther the 
analysis is sensitive to vari a tions and, if so, whether 
it will radically af fe ct the re s ults. Hence the sen-
sitivity analysis, which is an evaluation of various 
alternatives taking into account the 'upper' and 'lower' 
limits applicable to each of the variables constituting 
the analysis. These variables are the rate of interest, 
the duration or life of the investment or component and 
the estimate of initial capital cost. If the use of the 
'minimum' and 'maximum' figures does not change the result 
of the study then it can be assumed that the decision will 
be the correct one. However, if changes to a variable 
significantlyalters the result, the element under consid-
eration must be viewed with suspicion and should be carefully 
assessed and investigated further before any final decision 
is taken. 
In the previous example it was shown how, by changing the one 
variable , namely the rate of interest, it was possible to 
radically alter the results of the analysis . 
In the case of example 27, the investments are extremely 
sensitive to fluctuations in the rate of interest and, as 
such, particular circumspection must be used in arriving at 
a decision. This example also serves to illustrate a 
further aspect, namely the concept of the 'break-even' point. 
By altering the value of one of the variables in the analysis 
it is possible to find a value that equates two alternatives, 
which in the example under consideration occurs at a 6 per 
cent rate of interest. This is particularly relevant where 
the choice between two alternatives vTill vary under different 
sets of conditions. If, for example, time is a variable 
it may well be of benefit to solve the 'break-even' point 
where one of the alternatives becomes economically more 
attractive than the other. 
98. 
EXAl1PLE 28 
Assume the owner has the choice of two machines for use in his 
factory. Machine A has an initial cost of RSO 000.00 and 
annual operat ing costs of Rl2 000.00, whereas machine B has an 
initial cost of R70 000.00 and annual operating costs of 
R5 000.00. If interest is calculated at 10 per cent and the 
time factor variable, at what point in time, if any, will it 
be more economic to use the initially more expensive machine? 
Machine A Machine B 
P V of capital costs at year 0 50 000.00 70 000.00 
P V of running costs at end of 
year 1 10 909.09 4 545.45 
-
Total Present Value R60 909.09 R74 545.45 
P V of running costs at end of 
year 2 9 917.36 4 132.23 
Total Present Value R70 826.45 R78 677.68 
P V of running costs at end of 
year 3 9 015.78 3 756.57 
Total Present Value R79 842.23 R82 434.25 
P V of running costs at end of 
year 4 8 196.16 3 415.07 
Total Present Value R88 038.39 R85 849.32 
=================== ========== ========== 
The above suggests that for an investment period of just under 
four years, Machine A would be the more economic. For any in-
vestment period of longer life cycle, Machine B becomes the 
more favourable selection. 
INTEREST RATES AND ANNUAL EQUIVALENT COSTS 
The annual equivalent cost is also dependant upon the three 
variables mentioned earlier, viz:-
(a ) The rate of interest 
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(b) The duration or life of the investment 
(c) The capital cost of the investment 
Changes to any of the above will have significant economic 
implications to an appraisal. An increase in the interest 
rate or capital cost will produce a higher annual cost. 
Similarly, a shortening of the investment life will also 
result in increased annual costs. This is given greater 
clarity by table A which gives the annual equivalent costs 
per Rl 000.00 at variable interest rates and time periods. 
T A B L E 'A' 
ANNUAL EQUIVALENT COSTS PER Rl 000.00 
TERM INTEREST RATE (%) 
(Years ) -
. 
8 9 10 11 12 
5 250,46 257,09 263,80 270,57 277,41 
10 149,03 155,82 162,75 169,80 176,98 
15 116,83 124,06 131,47 139,07 146,82 
20 101,85 109,55 117,46 125,58 133,88 
25 93,68 101,81 110,17 118,74 127,50 
30 88,83 97,34 106,08 115,02 124,14 
35 85,80 94,64 103,69 112,93 122,32 
40 83,86 92,96 102,26 111.72 121,30 
45 82,59 91,90 101,39 111,01 120,74 
50 81,74 91,23 100,86 110,60 120,42 
55 81,18 90,79 100,53 110,35 120,24 
60 80,80 90,51 100,33 110,21 120,13 
Chang~in interest rates have the same effect as relevant 
changes in capital costs considered over the same time 
period. For an investment life of 40 years a change in 
interest rate from 8 per cent to 10 per cent represents a 
capital cost increase of 21,94 per cent. A further rate 
increase to 12 per cent is equivalent to an additional 18,62 
per cent capital investment. 
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A reduction in investme nt life also results in increased 
annual equiva l e nt costs which, in turn represent higher 
capital investme nt equivalents. For an e conomic life of 
15 years a cha nge in investment rate from 8 per cent to 10 
per c e nt is equivalent to a capital cost increase of 12,53 
per c e nt, whereas an 11,68 per cent increase is reflected 
for an ·interest rate change from 10 per cent to 12 per cent. 
Thus the shor t e r the investment period or life cycle the 
less the effec·t of any interest rate adjustment and vice 
versa. As the life of the investment increases so changes 
to interest rate take on greater significance . Also, the 
longer the life of the investment the lower the annual 
equivalent costs. This rate of fall declines dramatically 
in the earlier years until eventually relative stability is 
reached. The higher the rate of interest the earlier annual 
equivalent costs tend to stabilise, and at that point in 
time these costs are closely approaching equality with the 
annual interest rates . 
Table B gives the annual equivalent costs over 20 and 50 
years for capital investments ranging from Rl 000.00 to 
Rl 500.00 
T A B L E 'B' 
CAPITAL COSTS AND ANNUAL EQUIVALENT COSTS 
(a) Annual Equivalent Cost over 20 years: 
Capital INTEREST RATE ( %) 
Cost (Rand) 
6 7 8 8 10 11 12 
1 000.00 87,18 94,39 101 ,85 109,55 117,46 125,28 133,88 
1 100.00 95,90 103,83 112,04 120,50 129,21 138,13 147,27 
1 200.00 104,62 113,27 122,22 131,46 140,95 150,69 160,65 
1 300.00 113,34 122,71 132,41 142,41 152,70 163,25 174,04 
1 400.00 122,06 132,15 142,59 153,37 164,44 175,81 187,43 
1 500.00 130,78 141,59 152,78 164,32 176 , 19 188,36 200,82 
101. 
(a ) Annual Eq uivalent Cost over 50 years: 
c apital INTEREST RATE {%) 
Cost (Rand) 
6 7 8 ' 9 10 11 12 
1 000.00 63.44 72, 46 81,7 4 91,23 100,86 110,60 120, 42 
1 100.00 69,79 79,71 89,92 100,35 110,95 121,66 132,46 
1 200 .00 76,13 86,95 98,09 109,47 121,03 132,72 14 4 ,50 
1 300.00 82,48 94,20 106r27 118,59 131,12 143,78 156,54 
1 400.00 88,82 101,44 114,44 127,72 141,20 154,84 168,58 
1 500.00 95,17 108,69 122,61 136,84 151,29 165,90 180,G 2 
Thus at a 6 per cent interest rate the annual equivalent cost 
over 20 years for a capital cost of Rl 100.00 is roughly 
equal to a capital cost of Rl 500.00 for a 50 year period. 
For an interest rate of 11 per cent the annual equivalent 
c os t of Rl 100.00 capital is approximately the same as the 
annual equivalent cost of Rl 250.00 capital over a 50 year 
time span. The longer investment period is therefore more 
sens i tive to interest rate changes than the shorte r invest-
ment period. In practical terms these characteristics of 
interest rates will affect investment and design decisions 
whether the investor is consciously aware of the effects or 
not. Consider the problem of an office building with an 
estimated net annual income of R80 000.00, based on a gross 
area of 4 000 square metres yielding 3 000 square metres of 
lettable area at R3.00 per square metre per month. Annual 
expenses are assumed at R28.000.00 per annum. If a 10 per 
cent return is required the capitalised value of the scheme 
for a 50 year life would be calculated as follows:-
Net income per annum R80 000.00 
Capitalised value at 10% over 50 years 
Land costs and all other costs associated 
with capital costs 






Which is equiva lent to Rl62.50 per square metre bui lding costs. 
-·--··---
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A reduction in interest rate of 2 per cent results in an 
allowable building cost of R208.87 per square metre - an 
increase of 28,5 per cent . 
If the li fe of the building is estimated at -20 years the 
allowable building cost per square metre i s reduced to 
Rl34.48 if interest is taken at 10 per cent , whereas at 
8 per cent interest the square metre rate is increased to 
Rl60.57. This extra allowance represents 19,4 per cent, 
once again illustrating that short investment periods are 
less susceptible to interest rate changes than long periods. 
It vvill be obvious }chat when i nterest rates are low it is 
sound practice to construct good quality b u ildings which, 
although having higher i nitial costs, should have longer 
lives and more economic running expenses. Conversely , in 
t imes of high interest rates there will be a tendency to 
concentrate on reductions in capital costs at the expense 
o f running costs. For a building with an estimated economic 
li fe of 50 years the annual equivalent cost per Rl 000.00 
capital costs is approximately RlOO.OO for an interest rate 
of 10 per cent. The ratio between initial and running costs 
is t e n to one , i.e. for every RlO.OO capi tal cost the annual 
equivalent cost is Rl.OO , so t hat for every Rl.OO annual 
e xpenses that can be saved an extra RlO.OO in capital costs 
c an be spent. Therefore , if one considers a smal l block 
o f flats that cost RlOO 000.00 initially, with an investment 
li fe of 50 years and a return of 10 per cent the initial cos t/ 
annua l equivalent cost ratio is ten to one. Based on these 
figures it would be beneficial to spend up to Rl 000.00 extra 
on c apital costs for every RlOO.OO saving on annual running 
expenses. Conversely, it would be economically profitable 
to s p.end up to RlOO.OO ext r a on annual running expenses for 
every RlOOO.OO reduction on c apital e xpenditure. 
If the interest rate is 13 per c ent then the capital cost/ 
annua l equivalent cost ratio drops to 7,7 to 1 so that for 
every Rl 000.00 increase in capital costs an equivalent of 
Rl30.00 saving mus t be made to the running expenses. Similar 
results are obtained for shorter l i fe cycle s wh i ch is the 
/ reason why 
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reason why short investment periods and higher interest 
rates encourage capital expenditure reduction and running 
cost increases. 
If the predicted life of the building is assessed as having 
too short a life cycle it will have the same effect as re-
ducing ·the capital cost/annual equivalent cost ratio, and 
tend to increase the probability of constructing a building 
h aving low initial costs coupled with higher running costs . 
104. 
C H A P T E R 8 
THE EFFECTS OF FORECASTING ERRORS ON LIFE CYCLE 
. . COST ANALYSIS 
In order to undertake a life cycle cost analysis certain 
assumptions have to be made and future occurrences must 
IJ 
be predicted. Should these assumptions and predictions 
be incorrect they will obviously affect the results of the 
appraisal. What must be determined is whether decisions 
arising out of incorrect assumptions or forecasts will be 
critical to the project under consideration. 
ERRORS IN DETERMINED LIFE CYCLES 
The predictions of investment lives of components and 
elements is a basic requirement of li fe cycle cost studies. 
However, as can be seen in Table C on page 105 incorrect 
assumptions need not necessarily be critical to the economic 
appraisal, especially if only five or ten years separates 
actuat from estimated lives. The higher the rate of in-
terest used the less will be the effect of any error in a 
predicted life cycle. In any event the shorter the invest-
. ment life the greater the effect of misjudgments in deter-
mining life cycles. It is also of less econoroic consequence 
to err by predicting too long a life tha n too short a li f e. 
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If problems are encountered i n determining the life cycle 
o f a particular component , sensitivity analysis c an be 
us ed to examine the extent to which changing life cycles 
will affect the appraisal. 
ERRORS IN INTEREST RATES 
Table D on page 107 illustrates that incorrect interest 
rates will have far greater economic consequences than 
errors in predicted life cycles. The longe r the invest-
ment life the greater will be the effect of any error in 
choice . of rate of interest. This is as a result of the 
compounding effects of interest rates . The longer the 
life cycle the greater the compound interest and the greater 
the effect of any change or error in interest rate. The 
interes t rate once again proves a critical factor tha t must 
be resolved with the Client before undertaking life cycle 
cost studies. 
T A B L E 'C' 
PERCENTAGE ERRORS FROM ACTUAL LIVES OF INCORRECTLY 
ESTIMATED LIVES - (ASSUMING EQUAL PRESENT VALUES}. 
Estimated Actual Life (Years) 
Life (Years} 
20 30 40 50 60 70 80 
20 0 +23,4 +37,7 +46,4 +51,9 +55,2 +57,2 
30 -18,9 0 +11,6 +18,8 +23,1 +25,8 +27,5 
40 .:..27,4 -10,4 0 + 8,2 +10,3 +12,7 +14,2 
50 -31,7 -15,8 - 8,7 0 + 3,7 + 6,0 + 7,4 
60 -34,2 -18,8 - 9,4 - 3,6 0 + 2,2 + 3,5 
70 -35,6 -20,5 -11,3 - 5,6 - 2,1 0 + 1,3 
80 -36,4 -21,6 -12,4 - 6,9 - 3,4 - 1,3 0 
5% Interest Rate 
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T A B L E 'C' 
PERCENTAGE ERRORS FROM ACTUAL LIVES OF INCORRECTLY 
ESTIMATED LIVES - (ASSUMING EQUAL PRESENT VALUES ) . 
Estimated Actual Life (Years ) 
Life (Years ) 
20 30 40 50 60 70 
20 0 +10,7 +14,9 +16,5 +17,1 +17,3 
30 - 9,7 0 +3,7 +5,1 + 5,7 + 5,9 
40 -12,9 - 3,6 0 +1,4 + 1,9 + 2,1 
so -14,1 - 4,9 -1 ,4 0 + 0,5 + o, 7 
60 -14,6 - 5,4 -1 ,9 -0,5 0 + 0,2 
70 -14,8 - 5,6 -2 ,1 -0,7 - 0,2 0 
80 -14,8 - 5,6 -2,2 -0,8 - 0,3 - O,l 
10% Interest Rate 
T A B L E 'C' 
(Continued) • 
20 30 40 50 60 70 
20 0 +4,9 +6,1 +6,4 +6,5 +6,5 
30 -4,7 0 +1,2 +1,4 +1,5 +1,5 
40 -5,8 -1,1 0 +0, 3 +0,4 +0,4 
50 -6,0 -1,4 -0,3 0 +0,1 +0,1 
60 -6,1 -1,5 -0,4 -0,1 0 0 
70 -6,1 -1,5 -0,4 -0,1 0 0 
80 -6,1 -1,5 -o, 4 - 0,1 0 0 


















T A B L E 'D' 
PERCENTAGE ERRORS FROM ACTUAL INTEREST RATES OF INCORRECTLY 
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15 Year Life Cycle 
Actual Interest Rate 
6 7 8 
-11,5 -20,9 -28,8 
0 -10 ,7 -19,6 
+12,0 0 -10,0 
+2.4 '4 +11,1 0 
+37,2 +22,5 +10,3 
+50,3 +34,3 +20,9 
+63,7 +46,2 +31,6 


















































T A B L E 'D' 
(Continued ) 
Estimated Actual Interest Rate 
Interest 
Rate -
5 6 7 8 9 10 11 
5 0 -14,6 -25,8 -3 4 ,6 -41,3 -47,3 -52,1 
6 +17,1 0 -13,1 -23,4 -31,6 -38,3 -43,9 
7 +34,8 +15,1 0 -11,8 -21,3 -29 ,o -35,4 
8 +52,9 +30,6 +13,4 0 -10,7 -19 , 5 -26,7 
9 +71,3 +46,3 +27,1 +12,0 0 - 9,8 -17,9 
10 +89,9 +62,1 +40,9 +24,2 +10,8 0 - 9,0 
11 +108,6 +78,1 +54 , 7 +36,4 +21,8 + 9,8 0 
60 Year Life Cycle 
ERRORS IN INITIAL COSTS 
Errors in estimating initial costs will obviously affect 
the complete appraisal process. However, the extent to 
which the accuracy of the initial estimate will be of v~tal 
significance in the total cost concept will also depend on 
the ratio of initial to running costs. Errors of this 
nature will inevitably give rise to concern since, as 
previously indicated, the financial resources of the Client 
may be limited and cash flow problems may be encountered if 
initial costs are substantially higher than anticipated. 
It should be remembered that the basis of life cycle costing 
is to· provide a framework on which decisions can be formu-
lated and, as such, need not necessarily reflect actual cash 
flows provided that ranking orders remain unaffected. 
Similarly , errors reflected in common elements of the alter-
natives under consideration will not normally be of significant 
consequence since the · alternatives will , in the majori ty of . 
cases, be equally affected. 
109. 
Only the effects of errors and changes in interest rates on 
capital costs have been considered. Since total cost is 
fundamental to life cycle costing, the ratio of initial 
costs to running costs will be a decisive factor and must 
be taken into account when considering the effects of 
prediction errors. 
EXAMPLE 29 
In order to visualise the effects of incorrect assumptions 
and predictions five alternate designs \vill be appraised, 
each having an initial cost of RlOO 000.00 but with dif-
fering running costs , thus producing unequal initial to 
running cost ratios. Changes wi ll be introduced to J.n-
terest rates and predicted lives in order to ascertain their 
effects on a comparative analysis. The 'norm' for each 
alternative scheme \vill be a 50 year life cycle and a 10 per 







Annual Running Costs 
R 1 000 . 00 




Initial to Running Cost Ratio 
100 to 1 
50 to 1 
10 to 1 
5 to 1 
2 to 1 
All results will be computed on the basis of present values 
and the results can be seen in Table 'E' on page110 • 
110. 
•r A B L E 'E' 
The effects of changes in interest rates and predicted life 
cycles .on present values o f coniliined initial and running 
costs expenses. 
Life Inte- Tax SCHEMES 
Cycle rest Rate 
Years Rate % % A B c D E 
(100:1) (50: 1) ( 10: 1) (5 :J. ) ( 2: 1) 
100 10 - 100,08 100,14 100, 42 100, 57 100,71 
50 10 - 100,00 100,00 100 ,00 100,00 100,00 
25 10 - 99,24 98,6 95,79 94,38 92,97 
15 10 - 97,90 96,15 88,41 84 ,52 80,62 
100 5 - 109,04 116,58 149,88 16 3 , 25 183,37 
50 5 - 107,59 1 13,92 1 41 ,88 155,93 170,01 
25 5 - 103,80 106,97 120,99 128,02 135,08 
15 5 - 100,42 100,77 102,33 103,12 103,90 
100 10 50 100,01 100,02 100,05 100,06 100,08 
50 10 50 99,28 98,69 96,05 94,72 93,40 
25 10 50 97,39 95,21 85,60 80,77 75,93 
15 10 50 95,70 92,46 76,27 68,32 60135 
100 5 50 107,63 114,44 142,14 156,27 170,43 
50 5 50 103,88 107,52 121,42 128,60 135,81 
25 5 50 99,36 98,83 96,47 95,29 94,10 
15 5 50 96,61 93,78 81,30 75~03 68,75 
100 10 10 100,08 100,14 100,42 100,56 100,70 
so 10 10 99,96 99,92 99,75 99,67 99,59 
25 10 10 99,o2 98,20 94,61 92,80 90,99 
15 10 10 97,58 95,56 86,64 82 ,, 17 77,68 
100 5 10 108,95 116,42 149,41 165,98 182,59 
.50 5 10 107,16 113,14 139,52 152,77 166,06 
25 5 10 103,12 105, 72 117,22 123,00 128,79 
15 5 10 99 ,77 99 ,5 8 98,75 98,33 97,91 
111. 
Tab le E shows that changes in predicted lives will have 
greater impact for lower rates of interest than higher 
rates of interest. As income tax has the same effect as 
reducing the interest rate,costs will be more sensitive to 
investment changes where tax rates are high. The ratio of 
initial to running costs is also significant when comparing 
the results of future changes. Where the ratio of initial 
to running costs is 100 to 1 and the interest rate 10 per 
cent a change in predicted life cycle from 15 to 100 years 
results in a dif ference in present value of only approximately 
two per c ent. If the in·teres t rate is changed to five per 
cent the difference is increased to nine per cent. As the 
ratio of initial to running costs increases so does the 
effect of any changes in predicted life cycles so that at a 
ratio of 2 to 1 at five per cent a change in predicted life 
cycle from 15 to 100 years results in a difference in present 
value of approximately 80 per cent. 
This is particularly relevant t o the type of life cycle cost 
analysis that is to be undertaken. For life cycle cos t 
studies of alternative materials the annual running costs 
will generally be low in relation to initial costs and as 
such errors in predicted lives will not normally be of great 
consequence . However, when studies are concerned with 
me chanical installations or total project costs the running 
costs will take on greater significance and special care 
must be exercised when considering estimated life cycles. It 
should also be noted that the length of life cycle is more 
critical for short life investments than for long life invest-
ments. 
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c ·H APTER 9 
PROBLEMS ASSOCIATED WITH LIFE CYCLE COSTING 
The practice of life cycle costing involves the assessment 
of total costs over a determined investment life and the 
choice of the optimum economic solution from among alter-
native designs, procedures, etc . In addition to those who 
promote the concept of life cycle costing there are many 
who are sceptical of the merits of its application in pro-
perty development appraisal studies. In order to 
appreciate the realities that must be faced when applying 
life cycle cost studies, the associated problems together 
with the criticisms promoted by its detractors will be 
discussed. It will be seen that some of the criticisms, 
while superficially appearing valid, are in fact advantages 
of the technique. 
The interaction between capital and running costs: 
The interaction between capital and running costs is not 
always readily understood, and lower running costs will not 
always be achieved by increasing capital expenditure. The 
objectives of the investor will also be of paramount im-
portance when considering the relationship between initial 
and running costs. For a project developed with the 
object o f resale after completion, maintenance charges will 
be significant to the purchase r but not to the seller whose 
/prime concern 
prime concern will be the economies of initial costs. This 
brings us to one of the advantages of the technique of life 
cycle costing, namely that it forces the user to define his 
investment objectives, a factor that is often forgo~ten in 
appraisals of this nature. The long term investor is thus 
more concerned with total costs than the short term 
speculator or developer, but this does give rise to the 
very real problem of obsolescence. 
Obsolescence and Durability: 
Life cycle cost studies depend upon the predictions of 
anticipated lives of complete projects or components there-
of. While errors in forecasting are not always critical, 
care must still be taken to ensure that unrealistic fore-
casts are not introduced into the appraisal process. It 
is very often difficult to assess the physical life of 
certain components, but functional or economic obsolescence 
is very often of greater importance. It must be remembered 
that once money has actually been spent it is very diffi-
cult to amend the decision in the light of changed future 
developments. Since most buildings are functionally 
obsolete prior to physical obsolescence alteration and re-
newal costs will be pertinent to life cycle cost studies. 
The associated problem in this connection is the virtual 
impossibility of forecasting with any degree of accuracy 
future costs of this nature. 
Uncertainty in Forecasting: 
While initial costs can be estimated with a certain degree 
of accuracy, future maintenance and running costs are 
extremely difficult to assess. This technique does, how-
ever ensure that proper estimates of future costs are con-
sidered, which in my opinion, is far better than no consid-
eration whatsoever. As previously discussed, one of the 
methods of alleviating this problem is by undertaking 
sensitivity analysis to assess the results when the pre-
dictions are varied. 
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One of the main criticisms in thi s regard is the fact that 
interest rates , which have a definite impact on present 
values, tend to fluctuate over the years and c annot be fore-
cast with any certainty . Whi le appreciating the fact that 
the us e of an incorrect interes t rate may l ead to wrong 
results, the effect of changes in interest rates , dictated 
to a l arge extent by the rate of inflation, is not as 
serious as it first seems. The interest rate used is 
generally made up of two components, n ame ly, the i nterest 
required from the inve stment and the inflation rate appli-
cable at the time. Thus during periods of high inflation 
interest rates will tend to be high and vice versa . 
In orderto demonstrate the effect of fluctuations in in-
t erest and inf lation rates the following example is given:-
EXAMPLE 30 
It i s estimated that it wi l l cost Rl 000.00 to paint the 
external facade of a building at today's costs. ~~at is 
the present value of the cost of painting if the building 
is to be repainted at the end of each year for the next 
five years? Interes t is 8 per cent and inflation 5 per 
cent. 
Year Expendi ture p v -
1 1000 (1 + ,05) . = 1 050 .oo [ 1 ] • 972.22 
(1 + ,08) 
2 1000 (1 + ,05) 2 = 1 102.50 [ 1 J - 945.22 
(1 + ,08) 2 
3. 1000 (1 + ,05)3 = 1 15 7. 60 [ 1 ] • 918.96 
(1 + ,08)3 
4. 1000 (1 + ,05)4 = 1 215.50 [ 1 J 
(1 + ,08)4 
893.44 
5. 1000 (1 + ,05)5 = 1 276.30 [ 1 J . 





If the inflation rate is omit ted from the interest r a te, the 
real rate of interest would be in the region of three per 
cent. The calculation could then be changed to r zad as 
foll ov,rs :-
Year E~enditure p v 
1. 1000[ 1 J 
(1 + ,03) 
= 970.87 
2. 1 000 [ 1 J 
( 1 + ,03) 2 
= 942.60 
3. 1000[ 1 J 
. (1 + ,03) 3 
= 915 . 14 
4. 
1000[ 1 J 
(1 + ,03) 4 
= 888 .49 
5. 1 000 [ 1 J 




This is much the same result as achieved when separate allow-
ances were made for both inflation and interest rates. There-
fore, provided the real rate of interest remains unchanged 
fluctuations in inflation and thus overall interest rates 
should not materially affect results of the calculations. 
Acquisiti on of Cap i tal 
The realities of acquiring the necessary capita l to implement 
the optimum economic solution is one of the problems asso-
ciated with life cycle costing . Apart from the fact that the 
funds. might not be available it is often difficult to convince 
Clients of the long term advantages that can result from in-
creasing capital budgets. 
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Salvag e and Res idual Va lues 
In many studies the problem of residua l values and salvage 
costs must be faced, which represent a further forecasting 
proble m. These values are also invariably associated 
with the additional problems of depreciation and tax re-
lief factors. Such problems are more likely to be en-
countered when short term life cycles are evaluated, as in 
the case of developments for the purpose of resale1 and 
not long Jcerm investments. 
Disturbance Costs 
Difficulties may arise in accurately forecasting future 
replacement costs of cer~ain components due to uncertainty 
as to the degree of disturbance that may be suffered during 
building operations. This problem is generally accounted 
for by introducing a percentage premium to allow for in-
creased costs. This is obviously not an exact method and 
where feasible, estimates of additional expenses should be 
undertaken. 
Indirect or Intangible Costs 
Life cycle costing is an economic appraisal process capable 
of reaching conclusions based on cost considerations alone. 
Not all cost consequences can be casted directly since their 
effects on total costs are difficult to measure. For 
example, an increase in initial costs to enhance the appear-
ance of a building may in the long term result in a high 
occupancy rate, or greater contentment of the inhabitants. 
Costs and returns of this nature are extremely difficult to 
measure in monetary terms alone. In addition there are 
aspects such as prestige that are impossible to quantify 
and as such cannot form part of a life cycle cost analysis. 
Cost Data 
A major problem in South Africa is the virtual absence of 
suitable reliable cost data in the right form and detail to 
undertake studies of the nature envisaged. 
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For life cycle costing to be introduced on a national 
scale concerted efforts will have to be made for the 
collection of the required cost information on a con-
tinuing basis which must be presented and structured in 
a suitable form so that it can be recaptured for re-use 
in future studies. 
C H.A PTE R. 10 
THE US E OF COMPOU ND INTEREST TABLES IN LIFE 
CYCLE COST STUDIES 
Provided both income tax and inflation implications are 
omitted from the calculations , life cycle cost studies are 
straightforward and quick to implement. The relatively 
inexpensive sophisticated calculators that are readily 
available today and the numerous books containing standard 
compound interest tables can greatly simplify problems 
associated with the application of life cycle costing. 
However, once income tax and inflation implications are 
introduced into the calculations the problems assume 
differen t proportions. There are, to my kno~ledge, no 
standard compound interest tables that allow for the effects 
of inflation nor are the calculators, referred to above, 
capable of accommodating inflation implications in a quick 
and easy method. Thus, without the use of a computer, a 
life cycle cost analysis can become a time consuming and 
cumbersome operation. 
In order to provide a method of preparing life cycle cost 
studies that includes for the effects of inflation, I have 
developed a set of compound interest tables that accommo-
dates increases in future costs arising from inflation. 
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In addition, separate tables to incorporate the deprec-
iation allowance, based on the declining balance method, 
which also involves time consuming and laborious cal-
culations, have been developed. These tables have been 
prepared to facilitate an easy and quick application of 
the appraisal process and are included in the Appendix 
on page 130 . 
A standard format for calculation of life cycle cost 
studies is suggested and illustrated on page 121. While 
it will obviously be modified to suit the needs of 
different users it could serve as a basis for future de-
velopment. 
In order to demonstrate the application of the format and 
developed compound interest tables, part of the problem 
in example 24 will be used. 
EXAMPLE 31 
The total cost of a vinyl tile floor covering is to be 
evaluated. The area to be covered is 1 000 square metres 
and the life of the building is 40 years. The applicable 
interest rate for the investment is 10 per cent, the 
inflation rate 12 per cent and the tax rate 50 per cent. 
The initial cost of the covering is R8.00 per square metre 
with an anticipated life of 15 years. Maintenance costs 
are expected to be 90 cents per square metre per annum 
while a premium of 50 per cent will be placed on re-
placement costs. The answer to this problem is sho•vn on 
page 122 and the results can be compared with the answer 
in example 24. This example makes no allowance for tax 
depreciation. In order to examine the effects of these 
· allowances consider the following example. 
EXAMPLE 32 
The problem used in example 31 will form the basis for this 
example except that it will be assumed that a tax depreciation 
allowance of 10 per cent is allowed by the Receiver. 
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This calculation is slightly more complicated. The future 
value s of the vinyl flooring at end of years 15 and 30 
must first be calculated. Table P.V.D.I.R can then be 
referred to but the three present values obtained will be 
for years 0, 16 and 30 respectively. The latter two 
must therefore be converted to year 0 by use of standard 
discount tables. The solution to example 32 is shown on 
page 123. 
It will therefore, be seen that the use of these tables 
enables life cycle costing to be undertaken in a practical 
and simple manner that will be easily understandable and 
can be used as a quick method of relating initial to user 
costs. The need for a fairly speedy, accurate method of 
determining total costs is, to my mind, an important 
factor if life cycle costing is to be accepted for general 
use. 
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LIFE CYCLE COST ANALYSIS SHEET DATE: 
PROJECT: COMPONENT : 
Dete r mined Life Cycle Years Interest Rate i. Inflation Rate % 
Tax Rate % Depreciation Rate ____ % After Tax Interest Rate % 




Total R I I R -------
2. ANNUAL RU~~ING COSTS 
Years Amount P.V.U.S.F. P.V. T.R.F P V Total 
a. X = X-- = 
b. X = X "" 
c. X = X = 
d, X c X = 
Total R I I R 
i 
3. MAINTENANCE COSTS I ' 
Year Amount P.V.S.P.F. P.V. T.R.F P.V. Total 
a. X = X = 
b. X = X = 
c. X = X = 
d. X = X = 
e, X = X = 
f. X c . X = I 
R I I ' Total R 
4. REPAIR, REPLACE}!ENT, ALTERATION COSTS 
Year Amount P.V.S.P.F. P.V. T.R.F. P.V. Total 
a. X = X = 
b. X "" X = 
c. X = X = 
Total R I I R 
' 
5. RESIDUAL/SALVAGE VALUE/COSTS I 
P.V. T.R.F. P.V. Total 
a. X = 
b. X c 
Add/Omit Total R I I R 
6. DEPRECIATION ALLOWANCE 
Year Amount P.V.D.I.R. P.V. P.V.F. P.V. Total 
a. X = x-- = 
b. X = X c 
c. X "' X c 
d. X c X = 
Omit Total ·a X T.R.F. R 




DATE : 18 : 0 S? : 7fi LIFE CYCLE COST ANALY SIS SHEET 
PROJECT : Qv~>.N -r8v'L-b ExAMPL-E. 3 f. COMPONENT: VIN'r'L F~"-'6. 
Determined Life Cycle4ohSYears IntcreGt Rate lo % Inflation Rate lz % 
Tax Rate So % Depreci ation Rate_-=._.7, · After Tax Interest Rate .:S % 
1. CAPITAL COSTS P V Total 




Total I R r--1 ~ cc:o-----.. ool I R ~ ooo . oo 
2. A~~UAL RUNNING COSTS 
Years Amount P.V.U.S.F. P.V. T.R.F P V Total 
a. -;;;;-- /( 9oo-:;;;;- X I?.S,J./.7 97~ = IJS ?3/. 7S x-;;;s "' 87 <t"-S. 'ii9 







Total I R I '17 "ft..S. S911 R ~7 9~S. gq 





















Total R I J,R_ 
4. REPAIR, REPLACE}ffiNT, ALTERAT ION COSTS 
Year 
a. /:f 
b . 3.o 
c. 
Amoun t 




2,C.. 32. 6'1 
b, 93 2 DS 
P.V. T.R.F. 
= ~~ ~4 . .s-" x -
= t~ /Stl-. /,o X -
= X 
P.V. To tal 
= Sl SCj4 · Sto 
= 13 f 'D4.lo 
Total R 1114 719·1~ I R 114 "17q , !fo 
5. RESIDUAMS ALVAGE VALUE/COSTS 
a. 
b. 
P.V. T.R.F. P.V. Total 
X 
X 
Add/Omit Total R I ],R __ 
6. DEPRECIATION ALLO~ANCE 
Year Am.:>unt P.V.D.I.R. 
a. X = 
b. X = 
c. X = 
d . X "' 






X T.R.F. ·a 
TOTAL LIFE CYCLE COST R 
R 
'Z!o 74S · D.S 
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DATE: IS : og- : 7~ LIFE CYCLE COST ANALYSIS SHEET 
PROJECT: OvA.-.t-r /B...J1L./> .G><A"1P!.-I;. iJ:Z. COMPONENT : VINYL FLoc> R.tA/G. 
Determined Life Cycle~;/.}Years Interest Rate___(£__% Inflation Rate 12 % 
Tax RateSo % Depreciation Rate~ After Tax Interest Rate_L% 
l. CAPITAL COSTS P V Total 




Total R r~-g-c:::ooo--.---, od I R og' ooo. Oo 
2. ANNUAL RUNNING COSTS 
Years Amount 




P.V.U.S.F. P.V. T.R.F 
X f<:!S ti-7Cf7(.. = f7.SCJ;31. 7! x---o;s 







3. MAINTENANCE COSTS 
Year Amount P.V.S.P.F. P.V. T.R.F ----
a. X = X 
b. X = X 
c. X = X 
d. X = X 
e, X = X 
f. X = X 
P V Total · 













Total R I . II R 
4. REPAIR, REPLACE~illNT, ALTERATION COSTS 
Year Amount P.V.S.P.F. P .V. T.R.F. P.V. Total 
a. /~ 
b.~ 
i::.IZooo. oo X Z, b32 8 i = .1t 9'J4. SZ. X--- = .3!594·.S'-
/(!2.ooo.&o X (,,Cf32o:S =f:31f4.l.oX- = ~31<J4.bo 
c. X = X 
Total R kl.q 779.1~ I R /IL/- 779· /f. 
5. RESIDUAL/SALVAGE VALUE/COSTS 
P.V. T.R.F. P.V. Total 
a. X = 
b. X .. 
Add/Omit Total R I 
6. DEPRECIATlON ALLOVJANCE 
Year Amount 
a. 0-IS 1{8ooo.oo X 
b. /b-3c ,-t6S{,8'3 .61Q X 
c. ~- 1./o 05t/S!?.oo X 
d. X 
P.V.D.I.R. P.V. P.V.F. P.V. Total 
o,b9q 6<i = Ss97. tftJ. X--- = .rSq7. t./.u 
o, 699c, 1r ='/-S CJ~7 · o'l xo,ttrrot= 22./oS. 82 
0,73802 =;?J,s:Jn .. z, xo,2~~= bf~t9. 9r 
= X = 
Omit Total 
X T.R.F. 
R I g<=f o9 3 · 17 
o,s 
TOTAL LIFE CYCLE COST 
II R 
R /.fi.J.!ufo. ~9 
R I /t.C, 19 f . H-to 
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CONCLUSION 
There is no doubt that the measurement and contro l of 
total building cost is becoming increasingly necessary 
~nd important, although progressively more difficult, as 
rapid technological developments result in larger and 
more complex projects. If cost planning is to play a 
meaningful role in the property development process then 
the total cost philosophy must be fully appreciated and 
the appraisal technique capable of implementing this con-
cept. An additional requirement is flexibility in order 
to adapt to the individual characteristics of each 
specific project. 
Arguments may be raised to the effect that sophisticated 
mathematical appraisal techniques are not warranted when 
used in investment situations involving uncertain future 
predictions. I believe this to be incorrect since 
criticisms of this nature tend to perpetuate situations 
in which decisions are based on implicit assumptions, the 
implications of which are not always fully understood or 
even considered. One of the advantages of the life cycle 
cost technique is that it forces these implied assumptions 
to be defined and, as such, they are easily recognisable 
and can be appraised and evaluated accordingly. 
The benefits derived from recording the economic conse-
quences of alternative design solutions are important, not 
only to the building owner but also to the design team who 
should continually be made aware of the cost implications 
of their design. The cost planning process is thus 
carried to its logica l conclusion and the designer will at 
all times have a cost framework within which to work. 
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These cost parameters are not based upon the narrow con-
fines of initial costs alone, but represent the broad 
total cost concept so necessary to establish the optimum 
cost solution. 
A further, and important, advantage of the life cycle 
costing process is that it requires greater Client co-
operation and participation. It is of fundamental 
importance that policy matters related to the investment 
are established at an early stage of the development. 
For instance, the interest rate is an individual matter 
that must be determined by the building owner. Although 
the most important duty of the Client if usually the 
formation of the brief, the continuation of dialogue 
between Client and Consultants can only be of benefit to 
the progress and success of the project. 
The importance of any analysis being presented in a 
straightforward and understandable format cannot be over-
emphasised. It is also realised that for any technique 
to be truly acceptable it must be capable of accurate and 
speedy calculation. Despite the apparant complexi·ty of 
some of the derived equations and the laborious c alcu-
lations required for those situations reflecting the effects 
o f inflation , the compound interest tables developed in 
chapter 10 can result in compli c ated problems being solved 
relatively easily and quickly . 
The problem area still remains the collection of data on a 
continuing basis and in a suitable form that allows re-
capture for use in future analyses. This very real pro-
blem while obviously adding uncertainty, should not deter 
the u~e of the technique. In the United States of America 
there is wide acceptance of life cycle costing as an im-
portant and sophisticated appraisal technique for use in 
the property industry. 
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With the energy crisis well advanced it is becoming in-
creasingly evident that new approaches and techniques 
must be developed and introduced into the property in-
vestment appraisal process in South Africa. I believe 
that life cycle costing is the one method that satisfies 
the investor's requirements. It provides a clear 
presentation of the total time-phased costs over the full 
life of a building thereby allowing decisions to be taken 
with confidence so that optimum economic use can be made 
of all resources. 
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130. 
A P P E N D I X 
COMPOUND INTEREST TABLES 
INCORPORATING INFLATION AND DEPRECIATION ALLOWANCES 
131. 
T A B I. E P V U S F 
(Present Value Uniform Series Factor} 
This table performs the following functions: 
1. Increases the values of a series of uniform payment 
amounts by the stipulated inflation rates 
2. Converts the future inflated value at the end of 
each year to present value at the stipulated 
interest rate 
3. Provides the total present value of the series of 
payments 
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T A B L E PVSPli' 
(Present Value Single Payment Fac·tor ) 
This table performs the following functions: 
1. Increases the value of a single payment amount 
by the stipulated inflation rate 
2. Converts the future inflated value to present 
value at the stipulated interest rate 
-< 
..I:. J: ~ -~-~-..I: t J :..J LJ W ..M \....' r ..J (,..., t.J t_.., f'-J /"! "• ' , r· .. ' N N "~ "-' ~ \ -•-----•---....... -,., 
if· ...r W "'-' •-CJ ..0 G '-i Cr-L, ~ L..'"'-' -CJ ~-· ;J:.~ .J (t· L;· ~ l~: t-_. 0 ...[;•;:.,. -...JC'" U ..l. t .... • ,....).,_ CJ ..C. ·:0 'Jl:O ll' ..Lt.. ,.._,_ 




Vll.J1 L'l J: ..I.:..::. J; ..!: .t L.•t..J L.' t...•W \.o..'l..) "-'"'"~· "-.: "' "->~ r--..t ,...J,.,J N--------.,_--•-------
• • • • • • • • • • • • • • • • • • • • • • • • • • lr • • • • • • • 
..I:"-; r, ~ t .. tn l..J -L: .:'::-~ 0 .!' L,...• r~ ~-..r -:· '' 0 I'· ..I: t.l "1 ,., · -() ..r. fr "'r. ....J Cl'-~ li~ ,_n ..t:.. J: LJ W f'\.• N ~· -C.:~ 
C~ fr' f.:J'-......., .1) I'.} i...fl "(j . .,C t) ;: :.,) ~.,1 ~ !".,J () t.O ....J 'J tJ--',"t'-'-J "•) ...J I "\ :"..} r ........J -ll ,...j (Y• .l) I..J ... J-tf'! C) J I ..J ,, • .:J (r-._:.. -.....J ( .J ::; 
....t "'-' ......,J ~C' ....;:; I:. -...J C" c..; t 1 e-.. c· .r: lf1 -h.J -....J o CJ .,. r-;1 t~· ,.'-~ w -.c ......., "':' "-j ..c ~: -0-t...: ,...: ..I: c· -t "-") ..c -.....J t---.: J; n .. ~ ~_. 
-.....J ,,., . ..:... -....J .-, .') w ~a· .J) "" :J ... ": -....J ·u tP "=' ....... 1....> ...... J .0 "';;') 'J n ··1 "'J .c •_n ... :: -i....>-c~ ::; .r, .4. c ...:: w-(l~ o .-n ..t: .1: 
\..-'LJ WI..!' 'J (n.<J OC' ..t I:(>· t••<r. w-C.• Ul..CJ ..CJ<t.· L-•-G.J T"-1 r; -lfl ..CJ ..l: ..CJ r.' ..:: ..t;. -~ ..c, -..J 0'-'-Jl-' a >Jl W CO· 
----------------- .. . . . . . . . . . . . . . " . . . . . . . . . . . . . . . . • • • • 4 • • • • • ~r ..:; w "'' ·-;..:J :1 ..() ':" -.....J 0"-,.... . r'l_t: LV w ~) 'J-c:J (J 0 ..() (U 1.D -....J -.....J ,)--()'--J'l v1 ..1:. .r: ..:: w ~ N 1'\J ~ ..... .'---!"J C) (t l.f11f! I!''="' .........:. ~r·c -LJ lflt:. ('· (...;()"-..c;r-.. f)· C .. l.l fY'"-()--Lnc.--~n r,c----~ ,... .. ('').!: C("t-,....} 0'l"1 ,.._ "r lP-r:·tr.,...J lil 
rv w rr.· . .r: ..t .JI ( ') o--. ,., ..J ._; i n w vJ .r::. m ·~ rJ -.u L ".l 0"--o ~"'~'-:t---.....J o ..1: :l tF w ~...., 'J w lfl m N -J .c -· c ··:---...J u ~ 
()--...0 0 ......: C ~-..,_ en (1: D J: ...C l "i,..,. '-J N C'-.......; L ... -W "-.' l.~' J: Ct' 0"--~:.;..;:. W .L :.:::0 ..::. ,... \ "-J ") W 111 -...J -.G-,..,_,. N -...Q L"" 
W 1!1 •-l.l .J: '-J .")-"-' ~ ..J r.J :. <n ..CJ N -D -..J ,:) N -0 ::J-·...! 0 .)) m C'--..J '-J W -o-'-J ''1 -..J ~ n--D .)) :n (") lJ1 ;:;-"1J -D o-..._, 
"J N N ,..... ,..., !'\JI'.• '-l--.--_.._. --" ... ,_. ....... ---~-----~-----~- • • • • • • • • • • • • • • • • • • • ~ • • • • • • • • • • • • • • • • • • • • • • • • c 
l"' r-..: l •-....,. -~ (_"' Cl ...[! -..."'~ ""J C'V (:. ru ""-J -....J ~ ~ rr-(l" Ln lf' L'1 U~ ~ ..I:. .I: W W ~) W "-f\..J N "-.: "-' ----C~• c.-: C CJ 0 
·--.....J w ...o Ln -....J :....J .o tJ": '-> ·;; ...n·-·:., ~,:1 -o t/1 "-> ...o ·'J"-'....> ~-J ""n ~,.n N .o -...J .c !'V ..:; -..J .)1 1\V '...J ~n o--t.; -.() ....._J .n w -
..() 0"' (..,.t 1".~ -N "-' .I' 0· ~ W C.· LJ ':0 t..r "J ..:; ........: 0" tP U'1 0'-........; •]') C W lt--...0 ~ Cl l..J ...{; tr ..-(::.. t,n c...; -....... : C-'1 -....J ......,j '-.J :1..• ~ 
:.J C: ..:1 :_,'1 ·0 --D 0' .;, ..() 0' 0 _1-...J 0 0 ..JI -.J .z:. -.; 0' --_:,. -..J '..J .1.: ..:1 L.J (}-:")--0 I: N U1 N '~' 'J 0' ..() '.)-(;-·..J :n 
I'.J COt..'()-0'----0 OW lJl Vi W 0"'\1' -...!,_. '-J ~ '-l ..C ..0 ..1: L-> -..J W ,_. oa_·, 0'-..1: N -..J L"O: <-•-0 ..._~ tr, '-J t.• cr• ..[} -..J 
--------------------------------------------- . . . . . . . • • • • • • • • • • • • • • • • • • • • • e • • • • • • t • • • • • • • lf' ~ n L .1: ..::: .~ .1: ..r:: J:: <~ w w lJl..J ww w 1'\J N "'-l "' "'-l r-...1 '-1 ~ ...... , r-..J -------...... -o CJ ~~a r" n n ,:-, o :-1 
o-
,..,'2 
....... c ....0 "-) 0' ()l t....: t.....)--..J !';.) '-.) 1..!1 ..!:. w ~ c -.c ·"'C '-J ()'-L, (.....: N .. _ C; ..') (l) -.....J ~ ~ {.....I "-' -0 ~ (:"'1 '-..J C'-Lf\ ..l: l.J "'-..t -c ..... , 
...o 'n -"'P ...c ,.::> -....J ~ o '-J 1:. "-.. ...c a--~ -...o -....J : .. 1 w -a ;n -....J v-. ..t: t .... ," -a ...o .f'l ·n (!) "-J -...J --..J '-J " -......~ ""-.J -...J ·r: rn ...o t--• 
W-...J~OW'-lWOOO-..J~CW-..J~..OO'~~O"-C-~--...J..I:W~W..I:'-JOlfl,_.-..J..I:WNN..I:O'~W'-JW 
..1: '-J w N W '-J . .:: vJ ..1: •:U..I: N-._., o-0 fr ..1:. !'J ".J W .;: -..J Cl _[:: :0 '..l:D W ..().::. ..C •,'1 C) .I: -oW o-r.o 0 ,_.-tJ ":D 1..''1 
--------------------------------------------- ...................... ···· ••••.•••.•••••••. :1. COCC0GCCO~OCOCCOGGCG00000UCOOOOOOOOCOGCU~OOCC o o ·::> o o :::J o o ·.:J ::J ~J ::J o .::) o o o a o ;:> o o .-:J o n o CJ :J o o .-.J ·.:.J o c CJ ::> o C} o o r:J o o ·::> o 
0 CJ C 0 c. 0 C• 0 0 C' 0 0 OC 0 0 0 0 C 0 0 0 C 0 0 c 0 0 C C 0 C: C C 0 C1 c 0 0 0 C 0 C 0 r::-
0 :::J Q rJ :J > <.J 0 0 ··.1 ::J rJ .I::J 0 ~) G :J "J D :·1 ::J (') D ,-::> ":> '-:Jr") 0 0 '""J ·-:l f) ·:> .:J 0 0 G rJ "J :_; 'J •"J :J :J 
oooonoocoouoooooocoooooocccoooooooocoocooooco 
········"·············It·········· ......... . It-(}-(}-(}-0'-0'-0'--..J -..J '-J -..J -..J -...! -...! -..J 'J -..J ·.J -..J -..J -..J ·T' OJ 0 ·'() :0 •."0 .0 '!:1 · D 0 "'=' ""0 •.P 0 ..CJ ·0 ..CJ 11 ...() 0 ..": 0 -~ <) 0'-()' '.J .........; (r ~0 -..D 0--1'..; W c....; .I:. Lf', lP 0" -.....J '-J i''C1 ...0 0 0 -~J W l,...; .I; Ln 0"-~ "'-.J •""':J ·0 (j _. 1'\J "'-' W .:; L '1 0'· '-.J ,.(l ..£) 
n :r--v .n 'Jl -:o .J: ~ -...1 r: ::J -..J r: -""!) ., ".J o o-.r. -··o o-r: ·-o -..J .c ".J ') o -...1 L"l ;_, -n '":"' ·.J •;-. r: '..J J-n 
\.,'1 0'-'-J 0 W 0' 0 Ln 0 fr N ..CJ -..Jl;'~ ..I' ..t;. ..1: If' -..J ..CJ t" Lfl ..CJ .1' C fr W-,'1 <X' (I) -0 0 t.> (f' ...() I: ..CJ :]1 N ·C 1.r. '-J -..J CJ 


















* (: ~r 
*r 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































,.. t: ~ ;· ....... 1 • .o-'l~ l·JV.I Lo.'l....' fd 1.-'1_..1 ·~ ..... ~ ,...., • ;"'· .. )~. "J"·J .. ,, ... J_ ........ ---_. --,_ ... _ 
u I ..I; (._.• ,.. .1 _ .. c·. ~lJ ;1..· '-J 0 u j .: L .. t r-,: .. _, c ..rr ::.. --...; .. r L' .. :~ (....I"-· -l .. ..r, (."; .. .._; C'· U1 ~ (....' r,, ....._. (J ..{'· (l'· .....,j Cr l[• ...L \,.oJ ,..,, -
... r. _c .I: v.., 1..r l .. ' l.J r .• J "·' r .. : "' r-... :, ") N · ..... -....... -----._ -·--
. . . . . . . . . . . . . . . . . . . . . . . ....:.: -...J-t r. ·O ...:::. -£• ..::.. ...c u·· -..... ~ w c rt-w r~~ u · 1 r ,.. . .,; r-.: \."':"· c-..r: ,....; c ~ ~ L: · . .r. t..:. -2 ....,'1 ':' -....J c .... l, ..c ..:: L.J r'\ -· -c.: -....J ..0 l~ :.. -...J • .J -rv 0"-'-J N ·.J ,._..,... -0 -.....J ':; ·'...J ~ .J ..;...._...::. W w -~ .....,j '.) :.:. ... ') n ._,. .. o '-.l ~ .. Lfl .. J, J1 t,.. :;...> ,_J "'-1 }l :~_..n -lf1 .r. 
o ... a. _r: a-c ... -....J ,.._, v .......t '' ~ t.: u·. r;.. o ...:J (i"-..f.J c ... n· _.._ .... l. .. ,...;:. -....J c.:, . ..r:· .L w ..... '1,... · v,. (') L..• !"'-.• (r I)-C.:' c-:. L.J-Lo.• r:r::. -......J ~ 
-...J w n ·--, r::J :~ o--~-J -t: • n •-· :n ' t...• o • n .:1 ... ...J -..J .. , ' • ~,., 8 <"';: • .: ,......, ~ T" • :1 rn "'-' ~ ..o t_..., ,, , • ...; 'J o--loJ ·:1 (J ... .J Jl ,.. J -.J r:r--
(...l U· ..!': • • ......; ..... -Lr. ,....._, \r. ~ .J.. C'::' lf'l 0· CX: t-..; !"":"• P. 0"-CJ ...() C LJ ('('I .;. -....J W W -...1 U: C"' ~ L~l L...· .c.. 0 C• 0"-...0 f\...i 'J i.Jl-... ') 
OJ -....J -.....J --...J 0"" -,.. iJ' :Jl U" dl ~n .C .I: .l: -t: -I:. W W W W L.H...,.l N '....J N N "'J N r.J N N----..... ...--...-~ -.._ ---
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....., w '.J ~ t: -C'::'l ,fl '....,.) ...:J tX· .;y-.. .z: ;-.v 0 ·.n :1'--.,fl ~.J -0 o -...J a--1Ji r: LJ :-..1 -C) o c:;, -......J J"-, __ ,.., ui ...r: L.J •..J "-> "'J -o o ..c ~ Ln t.J r...; t,..~ L, ,f'i w ........... c· r: L.• r-..; La.,,_,.., -....J -t ..... ~l "1 -rr· tr. w r .. , -r c; n-L' .1: o-..o -t; (" ... N C'" c _r. ..t:':! .r. L."' 
N w --J' ._., '" .-,.. ~ ---.~ .r:. V.J "J -..o -.J ..,., ,I' --..:> .r.: l' "' cr .n ~ J a. n .J1 .o -.J :::; -.J :_p N o o .t: --c .o -.J '-' ,<:· 
..:; '-' '-' .... , o :1.· cr " .r: t..---.J •-c.:-o o ..r: C" --.J ~-: ca :;>o "-'--.~ "J •.~ ,...,. "-N o t.: -o :t•t.n _,..., -om -o -.c w 1" --.~ !.D cr 
~n -"'-> l..> 'J '"D ;:,.. N o-0 CJ ~.J '-.1 '-.1 !.D .D J:l Cl tJ .:n tJ ..0 0'-U1 o-"' '-.1 ~ 1,'1 -W ·!J -.0 ~ W :.J1 -..! • J '-J .:::> I'J -.J -N 
tJI lP ....C .~ .1: -t ..I:: ...C W ( ... 1 W W W t,J W W N "'V N "' "-..' "-' "; ~) P'.J N I'J ---... ,_. ,_ .---t-......, -•--.,_ --,_. .... 
••••••••o•••••••,.••••••••••••••••••••••••••• 
N -..() '-.1 1.'1 .L. "-' (j -C) -.J ()-1.'' W t'-.1 ~ 0 -I) (o' ...,.H~ In ..I: W "-l .... 0 C1 ..() CJ ~ -.J C"' C"' (JI tfl ..I:. W W ,._ 1 "-i 1\.. --0 0 
...0 0-l .. '-.: .:J J:: :C W ·D ll 1'V .. Q -......J ~'1 W !rt.,J ""'->-..-t0W ..!:.. 1 •• n ~ ""';-,, ...4:. '-J 0 ..C -....J-..... '1 fJ .. 1.: .0..!:: "l . .::. Q ... :~-'-.I W 
lJ1 1'v -.J r-c ~ CJ 0 Cr-'-J .J: 0'-W if. -"-' CD -...! ._. ((· ..C ..I: r-J .t: (;.' CJ' -...! ~--...! '-J C'l W ..C ~ ...() "-.1tr lf' ..!': ()-:J:. Lt -C) '-J <>--.J 
1}1 .J)(J ]1 'J '-.J NO .!:N ,"-J (..IN '-.1-.J -0-'Jl'J t:0-N 0 ·.0 G-lJ ,UJ '-JC) :>--v'l ,J ...::w 0'-·Ll(j D./.:. -.J U1 () ...,J 
o..r:mr.r~-0-WlJl-...JNC..l:~N.I:m..C..r:-.J-...J--.JN~~roif~~~~O~W~--~-...JOWO~ 
WWWWWWNNNNNN~NNNNNNN-------------------------
• • • • • • • • • • 3 • • • • • • • • • • • • • • • • • • • • • • • • • • • q • • • • • 
..r: w N --n -D ,., ~ ...,, ~" 'n ..1: .r: LJ "V "' -·-"J .(' -o .:.."'l ro -..~ ......, o-o· :>--lJ1 111 ..:: c w w :.J l'o.J N "-' ---r c..: n 
'-' ".J :n -? Ci ""V .I: u~ c:: c.; w e--...o ,....._, 1_;; ...o ,...) o--f~ t;l ·...o ...r.. o.; t., 1 C' t....1 --D .::. c; J1 -.......: w ~c v· -cc-· J:: -u.: _c: -a. t.n "--' ~ 
0 lf1 W .1:. .. ...._: ?\J C.J ..C ·-t.n "'J CJ C1 N 0'-N ..0 "D D '-l 0"'--\D -...J ....._, LC-t: 0 0'--~ "-1 N W ... n ·"'!1 ;o.v.......,] ~ rJ (l) 0"-o-it-r::-: :~ 
lJl..()ON-~C~W-D-W~CJ'!.D~-...J~~I'vN~~WN~-~-..l:O-...Jr>~~lJllJl~~~N..O..l:~O 
'-.1 N .Jl -CJ '-.1 vJ r:J "J N (r (r-....!..!: N lfl COo-.fl;,:) )• .0 t: o:l-...J (r •-0 •D N •..C W .!: -.J 0 CJ W '-.1 ~ :>--~ -.J 01 .0 D-..l: 
NNNNNNNN-------------------------------------
••••o••••••••••••co••••Q••••ot•••••••o,•••••• 
N N "\ ...... -0 0 C ....0 ~ ~.a G• CO ....._, ... .J ""'-.1 -....J 0" 0"-C"' L-'1 V1 L'l..!: ~ _t;...;: W l..; toJ W "'-: ,.....; ..._...> t,· "-~ ----0 0 0 C G 
:'Q .I: U ;:-N W .1.: 0 '-.1 W I :J :r-W ..J'I 0' W 0 -...! I; ,_ ').) 1)1 "1 -D -.J .C. .... ...() I}-t: -...() o-..!:. ".J Q '-.1 1.,.., I . J ,_ ...:; -.J .Jl W ,_ 
w--~-wlfl~-~Oo-Nreo-..r:N---~Wlr.--.JOW-....J-o--crN~o-w-~~-...J(rfro-CJ'-...JW 
>fl ON.......,·.t)W t"""-.)-....J(O-.....J-"'·u-o:_,.,,},..,.JI.Jr:)\.J•:/lJ-W-t...J .J-""JD.)...£:!'A}~J':.,...t: .n-.:l'.>·.:J-. ..nt_,J•tl 
0 ..0 N 0-W U'o-..l: ..0 C -C-..0 .Q "-l lf1 -D 00' O'G lfl W 0 -...! vJ 0' '-.1 1.,..1 ..I: 0 ..:> •-\.l'\0 o--(}-,L -D (}-..C 0: N 
--------------------------------------------- ····~················.,···················· ... ·· .Jl _;;.I: . .r: ..:: ..l: .;: .::. I:: W ~J lJ '..J 'J W I.J ,_.1 f'.l ·"-l "V 'J'\.J N N "' N-- ~ ---~ --;') :J,::J 'J ··.:J rJ:) ::> . .:J r) 0 ·.0 c: o-t.f1 ...r: N ,._ 0 ~'1 .. J ~ t:' l .. ; "1 -0 ....:'! -....J r:-Ul-~; w r\J-(.'1 -~;: -......J (.1'-t.n ...r.. w ,......J-r"' ....Q rt' '-J o-:..n ..;:. t....~ N ....... o 
1'0 .I: ;") -...) .!: ;-) -.J -I: "V ~") ~ .!: -·0 -.J (J1 I J ... D '!) r)' t!l w N -0 ~ ...,J --.1 (}-~ o-'., ._f1 t.• ;Jll_., (r ~ ~ ·.J -....! -:1 .() 
1\.1 lfl ..0 lJ1 --<l (r> W C1 N 0' ~ -...! .I: 1'v -N W <1' C -t' C -...! IJ1 ..l: !,.> ..t o-...:; W OJ W 0 CL (>· 0 0'-'-.1 C l.oJ -...! N -.J ..!: -
'-.1 ~ -.J---.JIJ1 ;_f/-.J '.:J I}-W--'J'Jl 'OV.J•:'1 .!:G 0·':"-. .!:N-.() l) '-.IJ1 w-0 ;)--".J 'ON 0'--{) "J"V N-llJW-....! 
·LvT 
;) 
* .. -~ 
* -n 















-'..._!: C: ~ ~r t' I_.) t.....:t~ WW lJ I . .J'J l.-.•:.J '-1~..:"-' t.l"' r-IPV "-' "'' ,..,; ---.._. .... ._. _. --
l.J'_t: 1..,..:,... -l.. . ..C G......._, 0'-tll i: (.....itv ~-:.~: ,, r..,~ """J \."' V• ..L U• "'~-(.) ...(}:; -....1\.~ Lr· ..L. LJ r-.J .... C~ ...0 ~"",·, """'JC'-tr. C '-'"'-
o-o -{1 0· 'l"' '-J '-J -.J~ c-tt· u· l'" U1 ..!:...!: .;: ...l:.t.a..' t. • .lt.> l...'l.l LJ" ,...._. "-="'-' f\.\l'-' t-..__• ,..._,-_._-------
. . . . . . . . . . . . . . . • • • • • $ • • • • • • • • . . . .. Ct" 0~ ~ '-J ( J co-l.,.J c.:· '-.! .r:-~o---
" 
-C ....,;(]-_;:: ,...~ c;. . ...-.. .....; o-lJl w "' ·-c--..r-. •1 ...... , o--tr. t:"i .J·lJJ ,.... .,........ --C) 
tnl!l -.J'• -1,• (~) ,) h)'-' w t'\) ~--\ 
()'-t.....l l!' !"-.,.1 :. l .. _ "-...i ,.._,_ .......,-c: 
\oJl.l" t,.)• .. l-:>,J;_l 
:-~; .-tr (J-..: 
~, 
:. 
-n . .J 
-~-•J. 
I'.J'.n-. ..-)1,) n•n-..()-....J,_"\,tJ.I:-."~n-....Jrno• . ..J·)'--0:--Jr-,...rJ -11 r. 1 
..I: t .... , C. c-..r; ~ -.....1 -"-• <.:· r_ o_-.. C:-:r CJ C'· -.....J-C) ,._ __ _........; (r ;r-,._._. I • I 
'" ..:: j) CJ .() f..J :,.) a--'·., ..c C) :·1 ('] '~\ ..... p. --..J ~J -....J • ;l --....J i'"J ..... _J en 1..' •__,.; ... n • 1 .. n ~,.. ':J s::: ·-"' -J ~ 0 -o--w -0 ~,J I .J -.....J ;~ 0 0'---' I ., I 
---00 .. C.-., ... ...._lC.." :"!_'lr ""'-J""-o,J"'-.: ,..__1'-J ~1..0 .I ..r.Q OJ ..I;. ..[jlfl -....J W-l-'l,..! 0'-""--J '.Jl.fl ~ N...(l ro......., .!: -...J-.....,J ;::---..:_ :.Jil..Jl..J I~· t 








Lf\t)_ \ --....J .:: ~ .... ~ ..c <• ...[) ~-t..... o~ c Lr".:J 1 ,., "' (": o ...r: r-....1 .... c: C' ,--,---"' l .... • L=.., -.....J -.~· "-u, cc --ln ...r. l·' rr-~ wn-L.: e:· ~ l:-1 
-w ~ ,') w o-·::> on cv ..c -J .-.~ o-::J---J o -·n to.J-.t: w c-:-: • ll-o .r: n -c -:J <,J .. .n e>-~ <l c: ~-·-l..J -.J N 
C 0 G -~ C1 "·' C) "'-·.-W N "-l :....., -..!:.. -([· i..J1 -....J ~ N ...() LJ1 (,.._ 0 -....J W ---D -...0 ...,. l ,, -""'-l "-l J:.. W '-J C'-(--;-, N (r t_r'l -o---lr .
..c. .c -..0 0" ---0 ........ !'.) -...._J ~-) {::::-\)J -~ o---('J ..() N --....J -t..J --0 N 0 ;,-. .. -3) t'.J Lf1 .r: I..J I 'I -....J ~ 1'.1 o----..l: ('to-t-.J .. ....., 0'-1.)1 0 w ·..n -~ 
J: .r ....C t.J t~~ W t..-> W l-.' t...· W l..: "~ "-~ "-J t\.l 1'-J N "--I'~"-' N "-' N ...... --·----......, ..--..---..., ... ..,.. •~ ..... ----
••eeoo•••••o•••••••••••••••••••••••••••••• 
N ..-C· C": '-' P-L'1 -r..L .. ' ,,,.__ CJ ...(; r;--. '-.J ()'--1,...'1 ...::. L,..: lu N _..-0 ..f.J ..(j C" --..J '-4 0"-0' lJ) tJ' ..l: _.c: t.-1 W "-.: ,.,J ""-' ---C' C~ 
rox-~o-t::N-QUO~G-N~~~~-c~Q~~Ot::~W--JN--J~-.JN'DW~n---.J~Oo-W 
.l: c.: a-n. Ultn ~ p-n.· ,_,_ "-! 0--.l: ..r:o• ..c ,.._, J: r:t: J: "-lt..· o--~ o·. -eN~.;:"' N x --.J---.J ~, .c .t t-'1tr .... o-N 
::OUl tl1 ~•.J •'.J N ...:Jt-J -0'..] vJ '.''.>W 0:'---{1 NUN -D~ .'0 .() :.J LilLI' -.J\)-Nell r.n 0-'-J~ N 0-.C:,:J ;,'0 '0 "1:1 
ro ..C ...C: .J: ~ ,_ W ..C 1'-o> V'l.C ~ .J: Ul 0-....._, Cl-.l: <X' ~ W 0-{) .l:: 0 rt: ..C 0 l'.llfl ,_ ~ 0'-Ul -{1 N ,_,... C' O"l '-J-o-
NNN~NNNNNN~NNNN,_,_,_,__,__,_,_,_,__~--------------
• • • • • • Q • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
~eo--.J 0'--,.. ~~ Lf' .!: Wt..J "J '-l-,_ ,") 8 .Q .() .., •1:> ":J ~ ~ 0' C"-0'-:n \flV' ..C .!: ..C W l.J l.J N N "-l N ~-,_ -n C1 0 ol 
,_ ..r (~ N (]-C ,,-, -C ~ c:: t...• Cv W ((l W -c, -r. 0 C>-,_ '-J W-.[) lfl ~._: ro ..C ,_ '-J.::: ,_ ~ .I: -a: Ln "'-' C -..J .c "-• -0 '-J .r. "-' 
w ...o ----..J a--v------_n -· ·,.,--.....J t n :.'1 l., o-..o l..J -.....J w o -...J o---o--o--m ~J w --.....J "-> (':) .t:. -...a .. -n -.....J '-~ en ---D -..:: -...J -o-----.....J w 
'-J()) W N lJ' N N U'O 0.• G:> 0 I: fb .t:O '-J Lfl N ..[) 0 N C'-' N V1 ~ ~Ln N (]--...J (1-W ;:)---.J ..C ()) -{' o-·0 C'::W .l: 0 ~ 
()) W W 0'-•.J .l: ..._, N ::::> ~ ;n t.)' 0 ~ -l: .() -0 "-' 0'-CO '-J ..[) W o--..J .t: d'l ~ 0 0 ~::::: W CD W '-J ~ ".! 00 -N 0 lf1 o-
............ ---------............ _ ...,.__ --....... -........ -~ ..,__ .. ------·-·--..... ..--..... ._._ ----- ••••••-••••••••&••••••••q•••••••••••••••o••••• cr. ro ;:o ~ ......, ~ ......, o-o-o-o-ln l.fl V1 t.J'".Jl .L ..c .c: .c: ..c t.J w t.J t..• LJ "'-' N "' ~-· •-• "'-' -.... ----.... o co o c o 
t-"l'.J o-r-,n w ::J mo-t.J-..-, ·.J\J'I WLJ (lJ o-..: ~o .Q~ :~w-on o-.:: ''-l-o ~o-..c w-::JJ.) -..J.!l ..c ~­
.C:.QJ:OV'l-m~--{10'-.l:W-0..[)-.t)~m-.[)~0-N..Co-QQNV'lW-l.fi~W--.J-~0~-G'N~W 
..[)a-~-·n (D ~ o -o w -o .() ,_ --J •.no--m --J ::J Jl w ...... o-N :J o ,_... o o---.J .Q c:-Cl ~ ,n-<:::l •-:> •} z:: ..:::> :o -o 
V'lo--ONcro--..J..[)W-..JN~NC"-..[) .... 0--.J-W-V'lVlO-o-o-oroo.;:~-W--.JWOO"l--.Jo-o-V'l.C:N 
------------------------------------------ •s••••••••••••••••••••••••••••••••••••••o•••• N N N N" --~----·-----.... ----") "0 0 •::J ') 0 ·::J 0 a .-:J r.J IJ ::J ::1 •J :.1 0 ":J ::::> 
,.....; "' .__ ,_ Cj ...._") --D rr.. tD "-....J ...J t.:r o--U1 LJl.L ..t= W W "'-t N ..--C1 0 ...0 ·0 fl'.o ~ ...._... --....J Cr :)-lii l]1 ..t ..;; W l,... N N--0 C:'-
-..J-;}'o •} rl ..0 .::: -{IL.J ftJ IJ ·-J No--0'--~ rJ ,_, :_) ,_,., :) 11 0 ''1 '.:J •J1 -_) Jl . 1 Lll -· (}--•)' ~~ -.J ".! ~ W :n W -0 .::: 
U
1 
..0 ..C ():) W (!:> .r 0 o-N C!: lJ1 N ~ o-1: "'-' C OJ -.J o-VI.!. .l: ..C ..!:: ..C .t: lJ1 (]-'-J ;l'J ('1 -l,.J ':1-m -.r. -..J 0 W '-J ,_ lll 
.t: o-·-"0 -..J .() t: --W --J l: t.J J1 -0 J1 ;: C" -IJ ."l W .L: --J N ~J D 'J :J--W "V ' . .J ()--· <J .() -.fl ~ ::J-:: -0 0'-·-~ ~ 
·avT 
"0 


















* -: .. * r:: 
~r 
* r• .;> 
*" .1) 
--u-v 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































t: . .r: ... ~ -· r..!:. Wt ... l ~-'''..J • ... )W t.l".)i~Jt..''..j "'•f.l Ni''"'-)t\\!'\) ~ ... '"~' ---
L'' -" ... . '(\· -.....JU·i.l' ..1'(..: "-'-
. . . . . . . . . . . . . . . . . f'...)(.J ('"'-r:-:-lP ..('1 W '-J fJ'-J l.:f!)..!:. ...... '-J ..:---n til'' 0-....! l~'{....' ...... ..CO .......,j C ...t VJ-C'\ .....C•:J; .....;;:r. U• .r.. W r-·--C 
~ ~ • :> ~ .J ,.....) n 1-...J .....J \> "':' 'J u ....;.) ....... tn ....... '"J ") ~ ·.~n I ) -......J • n .!: . .:.: ("-1)1 ,. J -.....J ,.J .J 0'-....!: !'".J N f'\J ~ \_....) q ·.....: ..() :'\..) :.r· 
o-~· .. 'J r::· L""' -·l;.,....!: tr· ..z.:cJ u··o ""'-' ,..J . .t. -.....J(l-C·t...n 0'-...... C'"-' ......,J ,...~ ~ C'" f\.l .....;-"'-J "'-rr; -c_, t:' rt-" L.Jf."'-; !..''!" "'~ 
1\J w w C) ~.,.. ~;'-~J ..('I -IJ \ •.• n ~J t'.) ...:: "• ..... • . ..1-. .I: w ("!'--_r: -....J ..o .... "".: ""V -.4)..:: ow ,_., "'J ...o ---l.J t..; t..n c-"·J-i=-' ..c N N 
OJ a·.-·-~~ ~~ CJ CJ ~ r-....; _.. o--N "-4 w ,_ ... t'-. <"' r-.: -....J o c CJ 4J "-~ ::l1 tov ,...J ,..._. --..J !-; ,.. J (...... --('::> -1'\...• N .""':.· n o tfl "-~ C1 
• • I. • • • • • • • • • • • • • • • • • • 
:-o w I')) .:: •.::l :"'-!'-...; .'"";.) ·-n !",l -.0 ~ L.J 0 "l'J ,}., • JJ -.() ......: ,_~, t...J ,..J CJ 
.r Ln -'1 t,r-. t.; W If'..() Lf' \..•> ,.. · "-' .C:. ':,:": l.J ...Q C'" ..:: ~ .; p-. 'J~ -IJ1 
..I:. ,,.. N •.J :_, 1 n 0'-.......; ;._n CJ '..l n ...._, .r:. r···.J w ... n --0l·J -:c "'.l o--:u ·IJ 
Cl "-' ~ () 10 "-' ·.T l•' l!' -...1 C. L" C" ('· 0' "-(!' W -...1 N l.f1 CJ "-' c·, 
_c: ro ::""j :., 'Jt-"""' _. t ., LoJ () ...J -...J c~ -:y... o-o ~ ·.O -...J .c ..... J n 
. . . . . . . . . . . . . . . . . 4; -....J cr J:: w N-:.:J -....1 n -....J 'J· ln ..n 1: ;,: .; ~~ '"--o r-: er-r-....~ ...().......; l r. .t (..; (...J ...:..:. ....c 0" ......; 0 .. ; lJI li'• f"...., o-Cl l.n 
....._,W t)' 0" "! .z ~..J 0"-C!--·.:J ·UN ..c--..J\, ..{) (_~1 ....C 0'-N ,......., ..... r .. J-....r:.. ..c. ........ "'') C"' ~ ...::J N ..o l..,... ,....) u~ w ..r... a--...() ,_ 
~4-.J~~-m~~~~roN~w-o-~row 
0" {l"-u·, lJ": l ro. lJ~ l.J1 _c: ...l: J: .. J: ..I: <.,; W W W W C...., t..., "-1 N N N ,..,, N N N N N -•-..,_-•---.. ........ --•-....... ...-..... 
•••••••••••••o•• ••••••• ••••••• ••••• •••-.••• 




















W -...J :'-> '0 ll l.J !"'...J-,., W :;1 ll -~.fl Q 0"-N .D J1 W-.0 ..0 .o ;_;;rr, <>::,) ~ i-' ,..,... ·.:::>-.::: -..J-'-n ...() l..J ·-n •v r:1w ·o.!.: 0"'-
0.• -...1-.J CJ C· lr "J...t:! w r>-(•· ..!" 0.;,() -...J -c C>·C· ~.) ~ ...t:! CIJ' -I(' •. \T-t~ 0 C'U J:" W 0'-"-.1 ~-N 0-'l CJN C'-"' 
-...J -..J "-! •'l .!:: 1--l 4 vJ -D '.il ~ :J .n 0'-N 0 .'>-I) 4 4 8 ~ iJll.'l '-.J 0 W W [) 4 W -<.) .Jl -._n C" W ~ 0 (G ,J.) 0-~,) N Vl 
~~'-~~w~ro~-.J-IJ'm-~~0~~0-..J-.J~NOZC'-OG-m~~40'-~W--.JNC'-~W44~ ~ 
~~WWWWWWWWWNNNNNNNNNNNNN------------
. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . ~-J o -o ,:r. -...1 o-z L.J ...._, -n ·.::1 <T· -...1 o--o--1.n c: w w N -on ~ -u ·--n -...1 ....; o--~ tn,, . .r: .::: w w ...._, ~ .. , N ---no 
"-: ..() o-.::: -CJ 0?-..... -...J Ct C" -...1 ...._, o:; -CJ -W ln -....J 0 "-.' Ul rr: t-.J lJ1 _., w C:: tv C"-~ ,._. et N -...1 l.J ..C t.-"1-...._, W 0 o-W ...._, 
ro .1: 'n Cl -" N m )) "-.l o ..o N :n -....1 ..CJ ..!" ....., J t,'"l ':J -....! -..J .c; t..J · c -...1 'D o .r: D -....1 ll"-()--·::J N -..J .::: "J --w a-o ::J-"' 
m~~lJ1W-.J-...J-OGW~m..CJ-...JWL-~-.J.1:~lJ1-....J-CJ--O~CG~~lJ1C>-~-.~..c..._,~~-lJ1 lJ1 
(U ()--.1: ·0 .C)-N N Ol 0 •:::>-4 N-0:, W -0 C" a-I..J 4 C" ,p -...1 -...1 W '-J .1: m vJ .£a-~ N -...1 We>-tv 0' .1: •.,.> -CJ :-o C" "'-< 
N ,..JN"' ~N~N "'"-' 1'\.lN NNN .,.__ ..... __ .,......_ ~......, -........ -----,__-.,.__ ..,_._. .._.....,._ ----
••o••••••••••••••••••••••·•o•• ••••e•••••f'• 
-.....~ -......J ~ o--lJl .I: .J.; w w r--._) ";--o o ...o """'"' a~ ill (j) -...J '-.} o--a ~ lf1 lfi lJl ~ ...t:..:: w w L., N t-..1 "' ...... ---o o co 
C'O I'·.J 0"-r.J _:= ""0 t_.: ........, N '-J -:Jo. N ......; N ~ :N ·<> J:. C> 0'-N ~ !.fl ·--.....! ..r;. 0 ......J W (J -..J ~ -\1.:> J1 N ..() -....J ~ . ' ..f) '-1 :: ,~ :-c 
-...1 .1: W t...• ..r -...1...., 0'· W CJ ~ ..C C1 N 0"' 0 lf• "-' -CJ CC -...I -...J CO tJ W ~ -C" N ..V ..._, lJl..:: .1: .1: Ln -...1 ..J:! N (}-C Ln U ~ w 
W C" "-l N IJ-W ,..,l !..ll 0 ,:J-1!1 ,_., !r-.CJ N ,._ .<J W-.... -W 'n 0'-')' t: .... 'J"---;) ·ll --..1 ;..J C'-:>-W -..) :::> •., 4 "'D t: ·~ .1: -...1 C'-() t :'1 
m o '-"·' U' f'l -4 w o en ..r: v• 4 '-"' .1: o ~ .o -...1 ·-:n !ll -...1 .1: ~ N G C::l -I: -...1 ..s: ..s: a--...1 -...1 w lJ1 o o: a-.1: ow -.1: >« 
-------~---------------~~----~--- • • • • • e • • • • • • • • • • • • • • • • • • • • • • • • • • • t • • • • • • • • • • I 
:'0 'll ,, '-J -....1 -...1 r)-n-ll"-.,._ J-"'"' . '1: J1 ~ n .Jl ..l: .C r: ~ .1: W vJ 1.1 W t...> "-! N N "l N "-l------. ) J :.) 0 -:J ::J ':::l I 
~-..CJ-.J.1:N4-.JlJ1W0~0'-.1:NG=e>-.1:NO:nO'-J:W-..C--..1~.1:NO..CJ-.JO'-J:W-~X-...J~.1:N-I~ 
. t CJ ~.., l ") 0'-~ ...J ~ J': "J .0 · fJ t.l"' ... n J:. ..:: '~-' • ..J ~...J :: til \,... -...J lD t J '-' ·. n '-J 0 l..J . .,.. 0 t....J '-' -~ '1 CJ ..:; 0 ·.~., r) • ;1-......., t...J t o 
~ ~ (1 C: C: ~ -CJ 0 l.J ::J 4 •--...1 V' C" 0 -...1 (}" ·I' t...• ~ ,_ J:: 4 -...1 -...1 D lJ1 f'J N ..:: () .I: W .1: ..._, ~.J ~ 0 0 ..t: -.0 0'-~ -...1 I :.11 






































{; -· * ,. {.'.. :1· 
*r ~ ,-, 





















_r. ~.l.; ;:_-:l,:~)I.J'.Jt,.~LJI.J J(.tf..JI,.;p.,Jr--;•~.'t'-.),l"'-.l*-.J""''-'~...J----..__,_,.._._ 
lP..LloJ -c·..ou .. -....J\: .. ltiJ:t.J"J .. -(J...,l··.z......;c ... t~ • .::t.·"'-c.Qt":-....JC'"'\'·._::,...._," -c)~(r"'-..JC"'-t.!'.l"t.·"'-)• 
1\.) t·J J '"') "\---~---...... --
\J'> 0" -I"' f' .. • C..i·l' ....._,0 lP l: L~),.,~ ..... C'·l" ...0""' -.....J-......JC'-' 0' l, t.J.lf' J: _.t .1: Wt,._· W( .. ~" ... 1'\.'f".J f'.Jf'o....' ---------
. . . , . . . . . . . . . . . . -. . • • • • • • • • 6 • • • • • • • C-C t" ~ .:'t": C.' ...ft -.....; l.r _:--L .... · _ ... Lf' ""'-J ..C. f" t , .. ../) t ... 'T' t-' ..!) ::: •--.....J . .t C" -.....J ~r. .,...,; Cl ."':, O· !' "'-' C -..0 '1· 0'-L:--t· W f', 1 -("'1 '-J "::"-_] -.....J -...1 '!) -0-_,_: 'J,_.J t.J •-!: ' . ..J .... J L' ,.),)' -.....J,.-J ~'I.:J . .: () 1) ...0,..., -...,Jt_.J "'1--.....l'_.J •.n -0 ~ ;~ -..J r'l = ..=..:: .P ... ~ ..r: 
~ ..o ....J -....J ~\ _ '-.J _ """"' ...(' r, ..1; '..J .'J ""-.J -....J -...J ..z t_;'l ....J ......; _. r;· (., ... -"' ~ u1 .. I.: t.,...1 -..:; !'-.· c l..: ~ r . : J: ..[) ..a <" o, ln o . ..(J C"' ,.,.~ 
..t: -:.:J -.....') ' .. 1 _J; -a---..1 L 1\.J ~.n . J .o ""-J 1"\,J t.: -....J :0 . J1 o -....n 'r ~ CJ ~ ...J n. n .J N -<l"-.r; ('!"-") w -..o .. ~ Jl r:' ...:'~ ......; .ry 
.,_ 0"-.' t~ (V ../) OCi-..f.1 ..:---~ "".JO'-C•G Wi'-'l.n a-·-..:. -c <· .l:.C:. o·.::. '-Ill:' ..C c ...... 00 twO· ..C .r: r-,· V' rn C'-"-' 
. . . . . . . . . . . . . .. . . . . . . . . . . . . . . N •-CJ U ~-"' Tl.J W o--· 0 "'.J d1 0 I: tJ) uJ ~ ...!: ':) ·.J i .J U -....J .L-0.: 0'-.r.. -~ '0 0"-~ W .-0 0 -.J ~ •_n .l: \..J "'V "' -C) tJI -.... ._ l•> ,0 ~ ...._,..,-....0 ,._. .... ..J '-.1 -.. f'J· ...0 t.: ...('! ---c -u~ "'· rr -c ... ~ '-J tJ C' ·l' ...() C L} 0"' •-~ l .... ' C) ::-.......; "-J '-.J ~"""" ....,') -W o-en 
8-:o 1' -..J -o-or J :-.> w "-' '-' ~ "-' Jl N-.r: o o-:-.> >J· '-' ln ~:.> :11 J> ,..,_, "J .n .:: -.0 t.JO'--..J .J>-I'J ::J .1: l.J --J ::--·" 
N t"._ ~.,..F"O o--..c (....·~ .J)-c~ o. . ..o--c.,.. .. ·~ rca·.--,:.."--'·-!:. .... , V>(.J t~C"-..:c:-.L.., c:· . .r:-~""-J tr. rc c ...co: U'o---..J :r 
.!: .!: l..J <." lf1 0::! -0 W -..J --: 0'-0 .r ~.J -0 , " r.J 'J W ..I: '-J w l n -D Q--0 o-.I: t.J r:J 'TI N fll~ .:: 'J Jl l.> -0 0 .I: .!: v> en -..J 
"•o•e••••••• . . . . . • • • a. • • • • • • • • • • • • ...a N .o o IJ1 C• tJl-(':'-''-> n· I}~ -cr U' ,... · -.o 0-.r: -...n ·.J u-: t...: -c~· rr; o--lJl .I "-.i -o -.D 0" "-J o-u1 ..t: t ... • v.1 "-' --o 
..... J -..J ~ J1 r: :J--o \J'-.... '1 ~ :~ 'n "-'--w ""-l ,. .J :1.1 ry.. ..1:. ~ u1 -.J G .r: .o l: -":) cr. ~t: t..J ~ f...J ..:: ~Jl -....s J-...c ....J -;1 
1..• U1--0 0 • o--W -0 ft -0 ~ w W-C' o-I' J ~v V' C Ct -..J -..J CJ '-' cr ..I: ...,--, L.> W -V' 0'-~.!: ,_ W C -0· <.• -0 0' Q-
'-J ..::. .;: -..J ;y.. <r ...ow r--..' '.J ~~1 J1 ,....., ,,..~ i. n w .--o .;: -~ .c •:o .o ..o ~ ·..J ~...,... -,~ '" -..0 tJ1 '-..1-.L r.J w ~ r .J ..l: .... ;. w o-:: o-
"-· C!' .r: lf'l -0 "-> C..• C. 0 u: •-C1 0 '-' -0 W CC ,_ 0 0 ...() 0 'J 0 -0' L.J (,..• 0 ,_ W '-J 01 ('..., ('--0 CP lJ1 W -...J ,..,. '-J 0 •-0 
~---·---...... - . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CO .J:-C) ! n N ...0 0"-_;:-<)"""" lfl W-~,; .....,J lf'! J~ •" -·..0 '-:'0 --...J 0"-.t W N-'.:1...0 m '"';") -......J 0'-lrt lJ1 _:: L.J L.., h..l N-C1 n 
[) U'\ N ("_) ()-Lv -~ .__ '-J .1· "'-' ,_. --t.;. 0'--.c L.; -..J W ..0 :..r. W Ci ..C, r.;. '-J '-J -....J (C ....J-N lJ1 ""-J C..::: -....J-iJ1 U ..L ....C ~ -....J 
(D~~·~~W~-~~W.t:W"J-0~0~-.U~"J~-~~-~W~W~O~N~~-~m~O~~o-~ 
0~~NW~~lJ1w~W~U-cr-..JO,_ruo-N~CDNN~~-~lJ1rnWCl~~~W0-...JN~~mo-~ 
N .._., .1:: -o <Jl w -..J .r: ~,no-• 0 -..J -...J o-Jl <J1 -0 ~" ~ v'"~ rv t..> 0 -..J -D 8 <1:>-CD -..J --D cr w o--..J :_u :.::l .:: w l..> ..I: .r. w 
lJl..I:..I:~..I:.!:-l:WWWWwWWWNNNNNNNNNNN------------------­
• • • • • • • tl • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
.... .CJ '-'a ...c N --0 n: '-' u• .r. w N c -0 o-• -....J o-lJl ...c t..J w ,.._,-o -0 -.:J "" -....J -....J o-a-u• .I: ...c w t.J N ~.J--.... o c 
W 1)1 '-l 0 ...C \D W •",) .!: :·.J ~J .1:: N (,:) (D '-l '-l ()-(>· -..J (J) ...() r.J N .1: :1--0 ~ v'"l •)) ~ C>-0 t: ·0 C.) 'I: W 'lJ ..I: ·0 in ·--..J l.J 
-..J W 1:'-a--(..; 0 "V U t~' ,_ W 0 --..J '-J ,_ I";; .CJ .J: N W OJ l;'"l o--0 ~~ ~ lfl -0 lJ1 W .J: '-' ,_ G.l '-J -....J -<: t.> ..:J ()-lJ> tr: -...J 
w .o .o VJ rxJ "-' "-' -....J n '._..> r.J '.Jl ,n ..o 0"-w ':J .c \.n......, w a----....J""' Ln r,.. .:;. ,..,.. ..c ·.n rn .x.-:'DO"-') 0' ~J 'n e: ",., ~ .::. :::J 
m o OJ -....J a-rv lJ1 ..:: o .I. a; ..t: o-o-.... ..I: o -....J .CJ lJ1 -c>-~ ..t: L'l -0 en -en o o -...J lflu" -0.... w .CJ -.s: ~ m a: lJ1 .1: 
WWWWWN~NN"JYN"JN"JNN"JN~-------------------------
ttJ•tt•~•.,••••••o•••••••e•t•••••••••••••••••• 
W \,..' '\J -'"l -0 'l> . -..J •.J-:n It .r: W t.• r-J--rJ 0 -0 .<) ·.o ·~ -..J ...,J fr-'J-· ." U'l J1 ..I: r: ;...., l..J '~l ~ N N • ~--·:J Cl 'J 
..:l CJ-N .!.. ()-:1.' 0 W ;;·, (C •-.l: ."(> N lil ·.:) W Cl-"-' -...J ,_ 0' ,_ ()-lv '-J L.> \'r' ..:: U Cl-"-' O: ...C ... '-J ..I: Q -..J .I: ,_ OJ 1,;: N 
\...,) N ,,.., '-.J t: N l.J ,_,, ) -.....J /_,.... .() .l: 0 ....., ......., n-r n -I'"':) -...,J ... J "i) _ .... n ·:J ,,.. .J: ,, ......., wIn ")"' ·--ry.. N -o 0'-l:"1 J: .r.: ~,., -...J 
~J W.CJ 'k· ClJl-..C '-JC>-..! ~-'-J ,_N-(" -...J C -....J .!:C' Nl'~ Lr. "-'CJ Nlfl U -..J ..l: r-> ~ 0-0 'JJ 0 W ..(I .I: '-J ::0 ln lft 
'-.1 ':? "J ~ rt-N -..J ..I: ':D ',.,J •.n -..J .I: N 0'-·~ ..> •J-'0 ~ o-Ln C>-Jl -..J 0 0 "..J ?' ~ D ~n ;u <]1 .n Z:: C.J ::::1 N W ;"") N ~ r::> "-' 
·1s1 






* U1 l!l) 











* , ... ~ .. 
* 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T A B L E P V D I R 
(Present Value Depreciation Including Residual) 
Thi s table performs the following func ·tions: 
1. Calculates the annual depreciation on the declining 
balance method at the stipulated depreciation rate 
2. Calculates the value of the non depreciated amount 
at the end of the investment period 
3. Converts all values at the end of each year to 
present value at the stipulated interest rate 
4. Provides the total present .value of the depreciation 
allowance 
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T A B L E P V D E R 
(Present Value Depreciation Excluding Residual) 
This table performs the following functions: 
1. Calculates the annual depreciation on the declining 
balance method at the stipulated depreciation rate 
2. Excludes the value of the non depreciated amount at 
the end of the investment period 
3. Converts all values at the end of each year to 
present value at the stipulated interest rate 
4. Provides the total present value of the depreciation 
allowance excluding residual 
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